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(54) METHOD FOR PRODUCING HIGH-PERFORMANCE MATERIAL HAVING PHOTOCATALYTIC 
FUNCTION AND DEVICE THEREFOR 



(57) Disclosed is a method and an apparatus are 
provided which can efficiently produce a functional ma- 
terial having a satisfactory level of photocatalytic activ- 
ity. A photocatalyst coating composition comprising a 
photocatalytic metal oxide and/or a precursor of the pho- 
tocatalytic metal oxide is coated on the surface of a sub- 
strate. The surface of the coated substrate is rapidly 



heated to fix the photocatalytic metal oxide onto the sur- 
face of the substrate. This rapid heating can realize the 
production of a functional material having a satisfactory 
level of photocatalytic activity in an efficient manner The 
apparatus, which can continuously carry out the rapid 
heating immediately after the production of the sub- 
strate, can produce the functional material having pho- 
tocatalytic activity in an efficient manner. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a process and 
an apparatus for producing a functional material having 
various types of excellent photocatalytic activity, such 
as antimicrobial (bactericidal) activity, deodorant activi- 
ty, and antifouling activity, useful for waste water treat- 
ment, purification of harmful gases and the like. 

Background Art 

[0002] In recent years, environmental pollution, for 
example, water pollution created by domestic waste wa- 
ter, industrial waste water or the like, offensive odor, or 
contamination with bacteria, typified by MRSA, or mold 
in living spaces and working spaces has been increased 
and has become a social problem. 
[0003] Photocatalysts have drawn attention as mate- 
rials that, upon light Irradiation, cause adsorption of ox- 
ygen molecules on bacteria, mold, and organic com- 
pounds, such as offensive odor components, or desorp- 
tion of oxygen molecules therefrom and accelerate the 
decomposition (oxidation) of the organic compounds. A 
number of attempts have been made to fix a photocat- 
alyst on the surface of a substrate to clean the surface 
of the substrate. 

[0004] PCT/WO 96/29375 discloses that the surface 
of a photocatalyst-contalning layer provided on the sur- 
face of a substrate exhibits high hydrophllicity (for ex- 
ample, a contact angle thereof with water of not more 
than 10 degrees) in response to photoexcitation of the 
photocatalyst. This property can be utilized to improve 
antifogging properties and ensuring of visibility of trans- 
parent members, such as glasses, lenses, and mirrors, 
to Improve water cleanabllity and rainfall cleanabillty of 
the surface of articles and to improve other properties. 
[0005] Functional materials utilizing the function of the 
photocatalyst have hitherto been produced by providing 
a coating liquid containing a photocatalytic metal oxide 
or a precursor of the photocatalytic metal oxide, coating 
the coating liquid, and drying or sintering the coating. 
For example, a titania sol prepared from a titanium 
alkoxide and an alcoholamine or a sol prepared by dis- 
persing particles of TiOj, ZnO, SrTiOa or the like in an 
aqueous solvent has been coated onto the surface of a 
substrate followed by drying or sintering. More specifi- 
cally, as disclosed in Japanese Patent No. 251 7874, the 
production process of functional materials comprises: 
coating a titania sol onto a substrate; heating the coated 
substrate in such a manner that the temperature is grad- 
ually raised from room temperature to a final tempera- 
ture of 600 to 700°C to perform firing, thereby fixing the 
photocatalyst onto the substrate. 



SUMMARY OF THE INVENTION 

[0006] The present inventors have now found that 
functional materials having satisfactory photocatalytic 

5 activity can be efficiently produced by rapid heating. 
They have further found that rapid heating immediately 
after, that is, successively from, the production of the 
substrate can realize the production of functional mate- 
rials having photocatalytic activity in more efficient man- 

10 ner. The present invention has been made based on 
such finding. 

[0007] Accordingly, it is an object of the present inven- 
tion to provide a process and an apparatus for producing 
a functional material having a satisfactory level of pho- 

'5 tocatalytic activity. 

[0008] According to one aspect of the present inven- 
tion, there is provided a process for producing a func- 
tional material having photocatalytic activity, comprising 
the steps of: coating a photocatalyst coating composi- 

20 tion comprising a photocatalytic metal oxide and/or a 
precursor of the photocatalytic metal oxide onto the sur- 
face of a substrate; and 

rapidly heating the surface of the coated substrate 
to fix the photocatalytic metal oxide onto the surface of 

25 the substrate. 

[0009] According to another aspect of the present in- 
vention, there is provided an apparatus for producing a 
functional material having photocatalytic activity, said 
apparatus comprising at least 

30 

coating means for coating a photocatalyst coating 
composition comprising a photocatalytic metal ox- 
ide and/or a precursor of the photocatalytic metal 
oxide onto the surface of a substrate and 
35 heating means for rapidly heating the surface of the 
coated substrate to fix the photocatalytic metal ox- 
ide onto the surface of the substrate. 

[001 0] According to the process and apparatus of the 
40 present Invention, a photocatalytic metal oxide can be 
surely fixed in a short time on the surface of a substrate, 
and, in addition, a functional material can be obtained 
which has high surface smoothness, possesses high 
photocatalytic activity, and high abrasion resistance and 
4S chemical resistance. Furthermore, the process and ap- 
paratus of the present invention can reduce the size of 
the production apparatus used and can realize simplifi- 
cation of the production process and space saving. Fur- 
thermore, shortening of the time taken for heating can 
so advantageously contribute to a reduction in cost and a 
reduction in the amount of the exhaust gas emitted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 [0011] Figs. 1 (a) and (b) are diagrams illustrating an 
embodiment of the process for producing a functional 
material having photocatalytic activity according to the 
present invention, wherein a layer 2a of a photocatalyst 
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coating composition coated onto a substrate 1 is rapidly 
heated to form a thin layer 2b for imparting photocata- 
lytic activity to the substrate 1; 
[001 2] Figs. 2 (a) and (b) are diagrams illustrating an- 
other embodiment of the process for producing a func- 
tional material having photocatalytic activity according 
to the present invention, wherein, upon rapid heating of 
a layer 2a of a photocatalyst coating composition and a 
layer 4a of a binder and a solvent coated on a substrate 
1 , the layer 2a is converted to a thin layer 2b for impart- 
ing photocatalytic activity to the substrate 1 while the 
layer 4a is converted to a layer 4b which has non- 
crosslinked oxygen and contributes to the development 
of hydrophilicity; 

[0013] Fig. 3 is a diagram illustrating an embodiment 
of the apparatus for producing a functional material ac- 
cording to the present invention, which comprises: an 
apparatus for producing earthenware as a substrate, 
comprising a forming device 5, a glazing device 6, and 
a firing device 7; the apparatus of the present invention 
provided continuously from the apparatus for producing 
the substrate, the apparatus of the present invention 
comprising a coating device 8 for coating a photocata- 
lyst coating composition, a rapid heating device 9, and 
a cooling device 10; and a carrying device 16 provided 
so that the substrate can be continuously carried 
through within each of the devices and through between 
the devices; 

[0014] Fig. 4 is a schematic diagram showing the 
structure of the rapid heating device 9 shown in Fig. 3, 
wherein the rapid heating device 9 comprises a heating 
element 21, a heat-resistant material 22 which covers 
the heating element 21 and forms a heating space, car- 
rying means 1 6 for holding the substrate 23, to be heat- 
ed, within the heating space and carrying the substrate 
in a direction indicated by an arrow A in the drawing, a 
carry-in port 24 for carrying the substrate in the heating 
space, and a carry-out port 25 for carrying out the sub- 
strate from the heating space: and 
[0015] Fig. 5 is a diagram showing another embodi- 
ment of the apparatus according to the present inven- 
tion, having the same construction as the apparatus 
shown in Fig. 3 except that a preheater 1 1 for preheating 
the surface of the substrate before coating a photocat- 
alyst coating composition and a drier 12 for drying the 
substrate coated with the coating composition are addi- 
tionally provided. 

PREFERRED EMBODIMETNTS OF THE INVENTION 
Process for producing functional material 
(a) Substrate 

[0016] The present invention relates to a process for 
producing a functional material having photocatalytic 
activity. By virtue of photocatalytic activity, various func- 
tions are imparted to substrates, and examples of such 



functions include hydrophilicity, antimicrobial activity, 
antifouling properties, antialgae properties, antifogging 
properties, conversion of NOx, and antistatic properties. 
Therefore, the 'functional material* produced by the 

5 process according to the present invention refers to a 
material which, as a result that photocatalytic activity 
has been imparted, has come to possess at least one 
function among the above various functions. Substrates 
to which the production process of the present invention 

10 is applicable include metals, inorganic materials, organ- 
ic materials, and composite of these materials. Specific 
examples thereof include interior materials, exterior ma- 
terials, tiles, sanitary wares, tablewares, calcium silicate 
board, cement extruded boards and other building ma- 

is terials, ceramic boards, semiconductors and other new 
ceramics, insulators, glasses, mirrors, woods, and res- 
ins. 

(b) Photocatalyst coating composition 

20 

[0017] According to the production process of the 
present invention, a photocatalyst coating composition 
to be coated onto the substrate is first provided. The 
photocatalyst coating composition comprises a photo- 
ns catalytic metal oxide and/or a precursor of the photocat- 
alytic metal oxide. 

[0018] The term 'photocatalytic metal oxide" used 
herein refers to a material which, upon exposure to light 
(excitation light) having higher energy (i.e., shorter 

30 wavelength) than the energy gap between the conduc- 
tion band and the valence band of the crystal, can cause 
excitation (photoexcitation) of electrons in the valence 
band to produce conduction electrons and holes. The 
photocatalytic metal oxide decomposes an organic 

35 compound through a redox reaction, or come to have a 
very high level of hydrophilicity as a result of adsorption 
of water molecules in atmosphere. According to a pre- 
ferred emt)odiment of the present invention, the photo- 
catalytic metal oxide is selected from the group consist- 

"0 ing of TiOg, ZnO, SnOg, SrTlOg, WO3, BijOg, Fe^Oa, 
and V2O5. 

[0019] According to the present invention, the photo- 
catalyst coating composition may contain a precursor of 
the photocatalytic metal oxide. The term 'precursor of 

*s the photocatalytic metal oxide" refers to a compound 
which can be converted to the photocatalytic metal ox- 
ide upon rapid heating described below. According to a 
preferred embodiment of the present invention, precur- 
sors of the photocatalytic metal oxide usable herein in- 

50 elude compounds which contain at least one metal se- 
lected from the group consisting of titanium, zinc, tin, 
Strontium, tungsten, bismuth, iron, and vanadium and, 
upon rapid heating described below, can be converted 
respectively to the corresponding photocatalytic metal 

55 oxides. 

[0020] According to a preferred embodiment of the 
present invention, the photocatalyst coating composi- 
tion further comprises a binder. The addition of the bind- 
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er is advantageous in that the photocatalytic metal oxide 
can be more strongly fixed onto the surface of the sub- 
strate. A specific example of preferred binders usable 
herein Is, as described below, a mixture of at least one 
member, selected from the group consisting of, inorgan- 
ic oxide particles, silicone resin film precursors capable 
of forming silicone resin films, and silica film precursors 
capable of forming silica films, with a solvent. Another 
examples of preferred binders include alkali silicates 
represented by formula Me20.nSi02 wherein Me repre- 
sents an alkali metal, for example, water glass, potas- 
sium silicate, lithium silicate, sodium silicate, and silica. 
Further, mixtures of the above binders with silicon, alu- 
minum, potassium, lithium, sodium, cesium, calcium, 
magnesium, titanium, phosphorus, boron, zirconium, 
lanthanldes, such as cerium, or compounds of the 
above elements. Compounds of silicon, aluminum, po- 
tassium, lithium, sodium, cesium, calcium, magnesium, 
titanium, phosphorus, boron, zirconium, and cerium re- 
fer to compounds represented by formula MO, MOH, 
MX, or MOR wherein M represents the above element, 
X represents a halogen atom, and R represents an alkyi 
group. Specific examples of the these compounds In- 
clude SiOg, SiOg, Si(OH), AI(OH)3, T1CI4, and T\ 
(0031-17)4. Utilization of these mixtures as the binder can 
provide functional materials having good photocatalytic 
activity. More specifically, functional materials can be 
provided which have a high level of retention of hy- 
drophlliclty In dark places, and permit oil stains to be 
easily removed by water. Further, functional materials 
having negative surface charges can be obtained. Fur- 
thermore, functional materials having a short half value 
period (preferably not more than 10 sec) of surface 
charges can be provided. Furthermore, by virtue of high 
surface strength (according to a preferred embodiment 
of the present Invention, a hardness of not less than 2H 
in terms of pencil hardness), functional materials pos- 
sessing excellent chemical and physical resistance can 
also be provided. 

[0021] A precursor of the alkali silicate may be used 
in combination with or instead of the alkali silicate. Pre- 
cursors of the alkali silicate Include hydroxides of lithi- 
um, potassium, sodium, and silicon. 
[0022] According to a preferred embodiment of the 
present invention, the concentration of the photocatalyt- 
ic metal oxide and/or the precursor of the photocatalytic 
metal oxide in the photocatalyst coating composition is 
preferably 0.001 to35% by weight on a solid basis, more 
preferably 0.1 to 10% by weight. When the concentra- 
tion is in the above range, a photocatalytic surface hav- 
ing good properties and good strength can be provided. 
Further, in this case, it is possible to provide functional 
materials the surface of which is even and smooth and 
has good gloss. 

[0023] Further, the photocatalyst coating composition 
can produce a large amount of non-crosslinked oxygen 
on the surface of the functional material which will be 
described later. The term "non-crosslinked oxygen" 



used herein refers to the following oxygen. In a large 
part of the binder component, M-OH, wherein M repre- 
sents a metal element with specific examples thereof 
Including silicon, titanium, aluminum, zirconium, tin, tan- 

s talum, and bismuth, is crossllnked ujson rapid heating to 
form M-O-M bonds. This results in an increase in mo- 
lecular weight, and the binder, together with the photo- 
catalytic meal oxide, is fixed onto the surface of the sub- 
strate. In this case, a part of the M-OH is incorporated 

10 into the resultant polymer molecules and is present with- 
out forming the M-O-M bond. This part of the M-OH is 
ionlcally txjnded to ion species (for example, sodium) 
present in the photocatalyst coating composition to give 
M-O'X-i- (wherein X represents a cation, such as sodium 

IS ion) which can be reverslbly converted to M-OH. Fur- 
ther, the present Inventors have found that, under rapid 
heating conditions described below, the M-O-M bond, 
upon contact with water molecules in the air. Is dissoci- 
ated into M-OH bond. In the present invention, M-OH 

20 and M-0-X+ refer to non-crosslinked oxygen. The non- 
crosslinked oxygen has high affinity for water molecules 
and even functions to incorporate water molecules in the 
air Into the substrate in Its surface. Further, upon contact 
of the surface of the substrate with water, the non- 
25 crossllnked oxygen is likely to be bonded preferentially 
to water molecules rather to molecules which are 
present on the surface of the substrate before water Is 
deposited thereon. This results In the replacement of 
molecules, which are present on the surface of the sub- 

30 strate before water is deposited thereon, with water mol- 
ecules. Consequently, the molecules, which are present 
on the surface of the substrate before water is deposited 
thereon, are removed from the surface of the substrate. 
Thus, the presence of the non-crosslinked oxygen on 

35 the surface of the substrate contributes to the develop- 
ment of a very high level of hydrophlllcity on the surface 
of the substrate through cooperation with the hy- 
drophlliclty created by the photocatalytic metal oxide. 
This very high level of hydrophilicity offers an advantage 

*o that not only hydrophilic stains or soils but also lipophilic 
stains or soils can be easily washed away with water. 
[0024] According to a preferred embodiment of the 
present Invention, the photocatalyst coating composi- 
tion contains the binder in an amount of 0.001 to 100 

« parts by weight, more preferably 0. 1 to 5 parts by weight, 
based on 1 part by weight of the photocatalytic metal 
oxide and the precursor of the photocatalytic metal ox- 
ide. When the amount of the binder and the amount of 
the photocatalytic metal oxide satisfy the above relation- 

50 ship, the temperature necessary for the rapid heating Is 
not very high. Further, functional materials having good 
properties can be provided. 

[0025] According to a preferred emtx>diment of the 
present Invention, the photocatalyst coating composl- 
55 tion may further comprise a metal and/or a metal oxide, 
for example, at least one member selected from the 
group consisting of copper, silver, nickel, iron, zinc, plat- 
inum, gold, rhodium, vanadium, chromium, cobalt, man- 



4 
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ganese, tungsten, niobium, antimony, platinum group 
metals, and oxides of the above metals. A preferred ex- 
ample of the metal and the metal oxide is at least one 
member selected from the group consisting of particles 
of copper, silver, platinum, cobalt, iron, nickel, CU2O, 
Ag20. gold, zinc, chromium, manganese, and molybde- 
num. The addition of the metal or the metal oxide to the 
photocatalyst coating composition results in the forma- 
tion of a film which can kill bacteria and mold deposited 
on the surface thereof even in a dark place. Further, the 
addition of platinum metals, such as platinum, palladi- 
um, ruthenium, rhodium, iridium, and osmium, or oxides 
thereof is preferred because they can enhance redox 
activity of the photocatalyst and consequently can Im- 
prove the decomposition of organic stains or soils and 
the decomposition of harmful gases or offensive odors. 
Another preferred example of the metal oxide is at least 
one member selected from the group consisting of ox- 
ides of silicon, aluminum, potassium, lithium, sodium, 
cesium, rubidium, and francium. The addition of these 
metal oxides can yield a film having improved hy- 
drophilicity. In this case, the metal oxide may be added 
as having also functions of the binder. 
[0026] According to a preferred embodiment of the 
present invention, the metal and the metal oxide are 
supported on the surface of the photocatalytic metal ox- 
ide. The metal and the metal oxide may be supported 
on the surface of the photocatalytic metal oxide, for ex- 
ample, by a method which comprises adding a metal 
salt, such as silver nitrate or copper acetate, to a sol of 
photocatalyst particles and irradiating the mixture with 
ultraviolet light or the like to previously photoreductively 
fix the metal onto the surface of the photocatalyst parti- 
cles, a method which comprises fixing photocatalyst 
particles onto the surface of the substrate, coating a 
metal salt, such as silver nitrate or copper acetate, and 
irradiating the coating with ultraviolet light or the like, 
thereby supporting the metal onto the surface of the 
photocatalyst metal in a later stage, or a method wherein 
the photocatalyst is doped with the metal. 
[0027] According to a preferred embodiment of the 
present invention, the photocatalyst coating composi- 
tion further comprises a surfactant. The addition of the 
surfactant permits the photocatalyst coating composi- 
tion to be evenly coated onto the surface of the sub- 

[0028] According to the most preferred embodiment 
of the present invention, the photocatalyst coating com- 
position basically comprises: 

(1) a photocatalytic metal oxide; 

(2) at least one member selected from the group 
consisting of inorganic oxide particles, silicone resin 
film precursors capable of forming silicone resin 
films, and silica film precursors capable of forming 
silica films; and 

(3) a solvent. 



[0029] The average crystallite diameter of the photo- 
catalytic metal oxide is preferably not more than 1 00 nm. 
The upper limit of the average crystallite diameter is 
preferably about 20 nm, more preferably about 10 nm. 

5 The lower limit of the average crystallite diameter is pref- 
erably alx>ut 1 nm, more preferably about 3 nm. An av- 
erage crystallite diameter of the photocatalytic particles 
in the above range enables the hydrophilification to be 
satisfactorily exhibited and, at the same time, makes it 

10 possible to prevent loss of transparency, of a surface 
with the composition applied thereto, derived from scat- 
tering of visible light caused by the particles. 
[0030] Examples of inorganic oxide particles usable 
In the composition according to the present invention in- 

15 elude: single oxides, such as silica, alumina, zirconia, 
ceria, yttria, lx)ronia, magnesia, calcia, ferrite, amor- 
phous titania, and hafnia; and composite oxides, such 
as barium titanate, calcium silicate, water glass, alumi- 
nosilicate, and calcium phosphate. 

20 [0031] According to a preferred embodiment of the 
present invention, the inorganic oxide Is preferably in 
the form of either an aqueous colloid using water as a 
dispersing medium or an organosol prepared by dis- 
persing the inorganic oxide In a colloidal form In a hy- 

2S drophilic solvent, such as ethyl alcohol, isopropyl alco- 
hol, or ethylene glycol. In particular, use of colloidal silica 
is preferred. 

[0032] The diameter of the Inorganic oxide particle is 
not particularly limited. However, a particle diameter of 

30 about 5 to 50 nm In the form of an aqueous colloid or an 
organosol is preferred from the viewpoint of the gloss, 
turbidity, haze, transparency and the like of the final pho- 
tocatalytically hydrophilitiable coating. 
[0033] A preferred example of the silicone coating 

35 precursor, capable of forming a silicone coating, which 
may be used in the composition of the present invention 
is a siloxane represented by the average composition 
formula: 

RpSiXqO(4.p^y2 

wherein R represents a member selected from the 
group consisting of a hydrogen atom and one or more 
45 organic groups; 

X represents an alkoxy group or a halogen atom; 
and 

p is a number satisfying 0 < p < 2 and q is a number 
so satisfying 0 < q < 4. 

[0034] Another preferred example of the silicone coat- 
ing precursor, capable of forming a silicone coating, 
which may be used In the composition of the present 
55 Invention Is a hydrolyzable sllane derivative represented 
by the general formula: 



5 
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wherein R is as defined above; 

X represents an alkoxy group or a halogen atom; 
and 

p is 1 or 2. 

[0035] In this case, the organic group represented by 
R refers to preferably an alkyi (more preferably an un- 
substltuted alkyI having 1 tol 8 carbon atoms, most pref- 
erably an alkyI having 3 to 18 cart>on atoms) or an aryl 
(preferably phenyl). 

[0036] Specific examples of preferred hydrolyzable 
silane derivatives include methyltrimethoxysilane, 
methyltriethoxysilane, methyltripropoxysilane, methyl- 
tributoxysilane, ethyltrlmethoxysilane, ethyltrlethoxysl- 
lane, ethyltrlpropoxysllane, ethyltrlbutoxysilane, phe- 
nyltrlmethoxysilan, phenyltriethoxysilane, phenyltripro- 
poxysilane, phenyltrlbutoxysilane, dimethyldimethox- 
ysilane, dimethyldiethoxysilane, dlmethyldipropoxysi- 
lane, dimethyldlbutoxysllane, diethyldlmethoxysilane, 
diethyldlethoxysllane, diethyldlpropoxysllane, diethyld- 
ibutoxysilane, phenylmethyldimethoxysllane, phenyl- 
methyldiethoxysilane, phenylmethyldipropoxysilane, 
phenylmethyldibutoxysilane, n-propyltrimethoxysilane, 
n-propyltriethoxysilane, n-propyltripropoxysilane, n- 
propyltributoxysilane, Y-glycosidoxypropyltrimethoxysi- 
lane, and 7-acryloxypropyltrlmethoxysilane. 
[0037] The siloxane may be prepared by partial hy- 
drolysis and dehydropolycondensation of the hydrolyz- 
able silane derivative, or by dehydropolycondensation 
of a partial hydrolyzate of the hydrolyzable silane deriv- 
ative with a partial hydrolyzate of tetramethoxysilane, 
tetraethoxysllane, tetrapropoxysilane, tetrabutoxysi- 
lane, diethoxydimethoxysilane or the like. 
[0038] The silicone resin prepared by partial hydroly- 
sis or dehydropolycondensation of the above precursor 
according to the following method is represented by the 
following average composition formula: 

wherein R is as defined above; 

X is an alkoxy group or a halogen atom; and 
p is a number satisfying 0 < p < 2. 

[0039] The content of the precursor in the composition 
according to the present invention may be suitably de- 
termined. For example, in terms of the silica content 
based on one part by weight of the photocatalytic parti- 
cle, the upper limit of the precursor content is preferably 
10 parts by weight, more preferably 5 parts by weight, 
most preferably 1 part by weight, and the lower limit of 
the precursor content is preferably 0.05 part by weight, 
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more preferably 0.1 part by weight, and most preferably 
0.2 part by weight. 

[0040] The solvent contained in the composition ac- 
cording to the present invention is not limited so far as 

s it can stably disperse the photocatalytic particles and 
the precursor and a hydrophilified surface is finally pro- 
vided. Examples of solvents usable herein include wa- 
ter, an organic solvent, and a mixed solvent composed 
of water and an organic solvent. Water, an alcohol, or a 

10 mixed solvent composed of water and an alcohol is par- 
ticularly preferred. 

[0041] According to a preferred embodiment of the 
present invention, use of an alcohol, which has a mo- 
lecular weight of 60 to 300, preferably 60 to 100, and is 
15 liquid at room temperature, is preferred. 

[0042] Specific examples of preferred alcohols usable 
herein include methanol, ethanol, n-propanol, isopropa- 
nol, t-butanol, isobutanol, n-butanol, 2-methylpropanol, 
pentanol, ethylene glycol, monoacetone alcohol, diace- 
20 tone alcohol, ethylene glycol monomethyl ether, 4-hy- 
droxy-4-methyl-2-pentanone, dipropylene glycol, pro- 
pylene glycol, tripropylene glycol, l-ethoxy-2-propanol, 
1-butoxy-2-propanol, 1-propoxy-2-propanol, propylene 
glycol monomethyl ether, dipropylene glycol monome- 
rs thyl ether, dipropylene glycol monoethyl ether, tripropyl- 
ene glycol monomethyl ether, and 2-butoxyethanol. 
[0043] A preferred example of the silica coating pre- 
cursor Is a silicate represented by the average compo- 
sition formula: 

30 

wherein X represents an alkoxy group or a halogen atom 
35 and q Is a number satisfying 0 < q < 4. 

[0044] Another preferred example of the silica coating 
precursor is a tetrafunctional hydrolyzable silane deriv- 
ative represented by the general formula: 



wherein R is as defined above; and 

X represents an alkoxy group or a halogen atom. 

45 [0045] Specific examples of preferred tetrafunctional 
hydrolyzable silane derivatives usable herein include te- 
tramethoxysilane, tetraethoxysilane, tetrapropoxysi- 
lane, tetrabutoxysilane, and diethoxydimethoxysilane. 
[0046] Specific examples of preferred silicates usable 

50 herein include partial hydrolyzates and dehydropoly- 
condensation products of the tetrafunctional hydrolyza- 
ble silane derivatives. 

[0047] Water, an alcohol and the like may be used as 
the solvent for the composition. Particularly preferred 
ss are liquid alcohols having a molecular weight of 60 to 
300. Since the evaporation rate of these alcohols Is suit- 
ably slow, at the time of coating of the composition, a 
variation In dispersiblity of the composition due to the 
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evaporation of the solvent can be inhibited, making it 
possible to form a transparent, even coating. 
[0048] Examples of suitable liquid alcohols having a 
molecular weight of 60 to 300 usable herein include n- 
propanol, isopropanol, t-butanol, isobutanol, n-butanol, 
2-methylpropanol, pentanol, ethylene glycol, monoace- 
tone alcohol, diacetone alcohol, ethylene glycol mono- 
methyl ether, 4-hydroxy-4-methyl-2-pentanone, dipro- 
pylene glycol, propylene glycol, tripropylene glycol, 

1- ethoxy-2-propanol, 1-butoxy-2-propanol, 1-propoxy- 

2- propanol, propylene glycol monomethyl ether, dipro- 
pylene glycol monomethyl ether, dipropylene glycol mo- 
noethyl ether, and tripropylene glycol monomethyl ether. 
[0049] The composition may comprise, in addition to 
the atxjve components, a surfactant, a polymerization 
curing catalyst, a hydrolysis catalyst, a levelling agent, 
an antimicrobial metal, a pH adjuster, a perfume, a pre- 
servative and the like. 

[0050] Polymerization catalysts usable herein Include 
aluminum compounds, such as aluminum chelate, alu- 
minum acetyl acetonate, aluminum perchlorate, alumi- 
num chloride, aluminum isobutoxide, and aluminum Iso- 
propoxide; titanium compounds, such as tetraisopropyi 
titanate and tetrabutoxy titanate; basic compounds, 
such as sodium hydroxide, lithium hydroxide, potassium 
hydroxide, sodium methylate, sodium acetate, sodium 
formate, potassium acetate, potassium formate, potas- 
sium propionate, and tetramethyl ammonium hydroxide; 
amine compounds, such as n-hexylamine, trib- 
utylamine, diazabicycloundecene, ethylenedlamine, 
hexanediamine, diethylenetriamine, tetraethyl- 
enepentamine, triethylenetetramine, ethanolamines, y- 
aminopropyltrlmethoxysilane, y-aminopropylmethyld- 
imethoxysilane, y -(2-aminomethyl)-aminopropyltri- 
methoxysilane, and y -(2-aminomethyl)-aminopropyl- 
methyldimethoxysilane; tin compounds, such as tin 
acetyl acetonate, and dibutyltin octylate; metal-contain- 
ing compounds, such as cobalt octylate, cobalt acetyl 
acetonate, and iron acetyl acetonate; and acidic com- 
pounds, such as phosphoric acid, nitric acid, phthalic ac- 
id, p-toluenesulfonic acid, and trichloroacetic acid. 
[0051] Suitable hydrolysis catalysts usable herein in- 
clude nitric acid, hydrochloric acid, acetic acid, sulfuric 
acid, sulfonic acid, maleic acid, propionic acid, adipic 
acid, fumaric acid, phthalic acid, valeric acid, lactic acid, 
butyric acid, citric acid, malic acid, picric acid, formic ac- 
id, carbonic acid, and phenol, the above catalysts hav- 
ing a pH of 2 to 5. 

[0052] Leveling agents usable herein include diace- 
tone alcohol, ethylene glycol monomethyl ether, 4-hy- 
droxy-4-methyl-2-pentanone, dipropylene glycol, tripro- 
pylene glycol, 1-ethoxy-2-propanol, 1-butoxy-2-propa- 
nol, propylene glycol monomethyl ether, 1-propoxy- 
2-propanol, dipropylene glycol monomethyl ether, dipro- 
pylene glycol monoethyl ether, and tripropylene glycol 
monoethyl ether. 
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(c) Coating of photocatalyst coating composition onto 
substrate 

[0053] According to the process of the present inven- 

5 tion, the photocatalyst coating composition is coated on- 
to a substrate. Examples of suitable coating methods 
include spray coating, dip coating, flow coating, spin 
coating, roll coating, brush coating, and sponge coating. 
According to a preferred embodiment of the present in- 

»o vention, the photocatalyst coating composition is coated 
onto the substrate by spray coating. 
[0054] According to a preferred embodiment of the 
present invention, the surface of the substrate is pre- 
heated before coating of the photocatalyst coating com- 

15 position. The preheating of the substrate may be carried 
out by heating the surface of the substrate to 20 to 
400°C. The preheating of the substrate is advantageous 
in that, u|Don coating of the photocatalyst coating com- 
position onto the surface of the preheated substrate, the 

20 photocatalyst coating composition evenly spreads and 
yields an even coating. 

[0055] According to a preferred emtXKliment of the 
present invention, the surface of the substrate coated 
with the photocatalyst coating composition may be dried 

2S before rapid heating. Rapid heating, which will be de- 
scribed later, applies a large heat value to the substrate. 
Presence of excess water or solvent component on the 
substrate leads to a fear of the smoothness of the sur- 
face of the substrate being lost as a result of rapid evap- 

30 oration of water or the solvent component and the like 
due to a rapid temperature change. Therefore, in some 
cases, preferably, excess water or solvent component 
is previously removed by drying. The drying may be car- 
ried out by air blasting or heating. 

3s [0056] Fig. 1 (a) is a schematic diagram showing an 
assembly comprising a layer 2a of a photocatalyst coat- 
ing composition coated onto a substrate 1 . Upon rapid 
healing described below, the photocatalyst coating 
composition layer 2a is brought to a thin layer 2b which 

to functions to impart photocatalytic activity to the sub- 
strate 1 . Thus, a functional material 3 having photocat- 
alytic activity is obtained (Fig. 1 (b)). 
[0057] According to a preferred embodiment of the 
present invention, the photocatalyst coating composi- 

ts tion may be coated onto the surface of the substrate so 
as to form a stacked or multi-layered coating. Specifi- 
cally, an identical photocatalyst coating composition 
may be coated on the surface of the substrate a plurality 
of times. Alternatively, a plurality of different photocata- 

so tyst coating compositions may be provided followed by 
successive coating of the plurality of different photocat- 
alyst coating comp>ositions onto the surface of the sub- 
strate. When an identical photocatalyst coating compo- 
sition is coated a plurality of time, the °coating to form a 

55 stacked or multi-layered coating" refers to the so-called 
"multi-coating" or "recoating." In this case, an even coat- 
ing can be realized. 

[0058] According to another preferred embodiment of 
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the present invention, a composition composed of a 
binder and a solvent and substantially free from tfie pfio- 
tocatalytlc metal oxide and ttie precursor of trie photo- 
catalytic metal oxide is first coated followed by coating 
of a pfiotocatalyst coating composition comprising tfie 
photocatalytic metal oxide and/or the precursor of tfie 
photocatalytic metal oxide or a photocatalyst coating 
composition comprising the photocatalytic metal oxide 
and/or the precursor of the photocatalytic metal oxide 
and the binder. When satisfactory development of non- 
crosslinked oxygen is contemplated, preferably, a pho- 
tocatalyst coating composition is first coated followed by 
coating of a composition composed of a binder and a 
solvent to form a stacked or multi-layer coating struc- 
ture. Fig. 2 is a schematic diagram showing a functional 
material according to this embodiment. A layer 2a of a 
photocatalyst coating composition is coated onto a sub- 
strate 1 , and a layer 4a composed of a binder and a sol- 
vent is coated on the layer 2a (Fig. 2 (a)). Upon rapid 
coating, the photocatalyst coating composition layer 2a 
Is brought to a thin layer 2b which imparts photocatalytic 
activity to the substrate 1 , while the layer 4a is brought 
to a layer 4b which has non-crosslinked oxygen and 
contributes to the development of hydrophilic nature. 
Thus, a functional material 3 having photocatalytic ac- 
tivity is obtained (Fig. 2 (b)). 

(d) Rapid heating 

[0059] The surface of the substrate coated with the 
photocatalyst coating composition is then subjected to 
rapid heating. As used herein, the term "rapid heating" 
means heating for such a period of time that, although 
heat is evenly spread to the photocatalyst coating com- 
position on the substrate, the temperature of the whole 
substrate does not yet reach the temperature of the 
coating on the surface of the substrate. Therefore, pref- 
erably, the rapid heating Is carried out by intensively ap- 
plying heat only to the surface of the substrate. 
[0060] According to a preferred embodiment of the 
present invention, the rapid heating is carried out by 
heating the surface of the substrate to 100 to SOO'C, 
more preferably to 150 to 600°C. Further, as described 
above, the heating time is such that the temperature of 
the whole substrate does not yet reach the above tem- 
perature. More specifically, the rapid heating time is 
preferably about 2 to 60 sec, more preferably 5 to 30 
sec. Rapidly heating the surface of the substrate to the 
above temperature can realize the production of a func- 
tional material having satisfactory photocatalytic activity 
with high efficiency. This is particularly because heating 
to the above temperature range results in the formation 
of non-crosslinked oxygen with high efficiency which is 
very advantageous from the viewpoint of the develop- 
ment of hydrophilicity. Further, since the whole substrate 
does not reach the high temperature, breaking or crack- 
ing due to heat shock during temperature rise can be 
effectively prevented. Further, at the time of cooling, 



similar phenomena can be effectively prevented. 
[0061] According to a preferred embodiment of the 
present invention, the heating temperature is kept con- 
stant during rapid heating. According to a preferred em- 

5 bodiment of the present invention, the temperature of 
the atmosphere in which the substrate is placed during 
rapid heating is preferably ICQ to 1000°C. 
[0062] According to a preferred embodiment of the 
present invention, the rapid heating is carried out using 

10 heating means of which the heating value per unit area 
Is not less than 120 MJ/m^ hr, more preferably not less 
than 400 I^IJ/ma-hr. 

[0063] The rapidly heated substrate is then cooled to 
provide a final functional material. According to a pre- 
is ferred embodiment of the present invention, the cooling 
may be rapidly carried out. 

Apparatus for producing functional material 

20 [0064] According to the present invention, an appara- 
tus suitable for producing the functional material is pro- 
vided. 

[0065] Fig. 3 is an explanatory view of the apparatus 
for producing a functional material according to the 

25 present invention. In the apparatus shown in the draw- 
ing, the apparatus according to the present invention is 
provided continuously from an apparatus for producing 
a substrate. The apparatus for producing the so-called 
"earthenware" as the substrate comprises a forming de- 

30 vice 5, a grazing device 6, and a firing device 7. The 
apparatus according to the present invention comprises 
a device 8 for coating a photocatalyst coating composi- 
tion, a rapid heating device 9, and a cooling device 10. 
The apparatus for producing a substrate is provided so 

3S as to continue to the apparatus according to the present 
invention. Further, a carrying device 16 is provided so 
that the substrate can be continuously carried through 
within each device and between devices. Therefore, the 
apparatus for producing a substrate, comprising a sub- 

10 strate forming device 5, a grazing device 6, and a firing 
device 7 may be properly selected and may have other 
construction according to the substrate to which the 
process of the present invention is to be applied. The 
apparatus according to the present invention is not lim- 

45 ited to an apparatus comprising a coating device 8 for 
coating a photocatalyst coating composition, a rapid 
heating device 9, and a cooling device 1 0, and connotes 
an apparatus, as shown in Fig. 3, which can continuous- 
ly produce a functional material having photocatalytic 

so activity from the production of a substrate. That is, a con- 
struction, wherein an apparatus comprising a coating 
device 8 for coating a photocatalyst coating composi- 
tion, a rapid heating device 9, and a cooling device 10 
is disposed just behind (downstream of) the apparatus 

55 for producing a substrate, also falls within the scope of 
the present invention. 

[0066] A substrate is formed in the forming device 5 
shown In the drawing. The substrate is coated with a 



8 



15 EP 1 118 385 A1 16 



grazie by means of the grazing device 6, and tfien fired 
in trie firing device 7. The substrate, which has been 
fired in the firing device 7, has still high temperature. 
According to a preferred embodiment of the present in- 
vention, the photocatalyst coating composition is coated 
onto the substrate when the substrate is still in the state 
of a certain high temperature. 

[0067] The construction of the coating device 8 shown 
in the drawing may vary depending upon selected coat- 
ing methods. For example, when spray coating is se- 
lected, the coating device comprises a device for spray- 
ing a photocatalyst coating composition. 
[0068] Fig. 4 is a schematic diagram showing the 
structure of the rapid heating device 9 shown in Fig. 3. 
The rapid heating device 9 basically comprises a heat- 
ing element 21 , a heat-resistant material 22 provided so 
as to cover the heating element 21 and to form a heating 
space, carrying means 16 for holding a substrate 23, to 
be heated, within the heating space and carrying the 
substrate 23 In a direction indicated by an arrow A, a 
carry-in port 24 for carrying the substrate In the heating 
space, and a carry-out port 25 for carrying out the sub- 
strate from the heating space. 
[0069] The heating element 21 is not particularly lim- 
ited so far as it can rapidly heat the substrate. Heating 
elements usable herein include electrical heating ele- 
ments and heating elements which burn a gas or other 
fuel to generate heat. As described above, preferably, 
the rapid heating is carried out using heating means of 
which the heating value per unit area is not less than 
1 20 MJ/m^.hr, more preferably not less than 400 MJ/m^. 
hr. Therefore, preferably, the heating element can gen- 
erate the above heating value. The distance of the sur- 
face of the substrate from the heating element may be 
properly determined so that a satisfactory heating value 
for rapid heating is applied to the substrate. The dis- 
tance would be generally about 5 to 300 mm. Therefore, 
preferably, the heating element is provided so that the 
distance between the heating element and the substrate 
Is fixed or variable in the above range. 
[0070] As described above, preferably, the heating 
temperature is kept substantially constant during rapid 
heating. Therefore, preferably, the heating space of the 
rapid heating device is satisfactorily insulated by an in- 
sulating material 22 and undergoes no significant influ- 
ence of heat loss form the carry-in port 24 and the carry- 
out port 25. The carry-in port 24 and the carry-out port 
25 may be always in released state as shown in Fig. 4. 
Alternatively, the carry-in port 24 may be constructed so 
that the port 24 is usually closed while the port 24 is 
opened when the substrate is carried in the rapid heat- 
ing device. Likewise, the carry-out port 25 may be con- 
structed so that the port 25 is usually closed while the 
port 25 is opened when the substrate is carried out from 
the rapid heating device. The length of the region where 
the temperature for rapid heating Is kept substantially 
constant may be properly determined. The length would 
be generally 5 cm to 30 m. 



[0071] The construction of the carrying device 16 is 
not particularly limited so far as the device can hold the 
substrate within the heating space and carries through 
the heating space. The canying device 16 is preferably 
5 a belt conveyor or a roller conveyor. According to a pre- 
ferred embodiment of the present invention, in order to 
attain good thermal conduction within the heating 
space, the carrying device 16 is constructed so that the 
healing space is not excessively thermally partitioned. 
10 For example, the carrying means is preferably a belt 
conveyor of a heat-resistant porous belt having a per- 
centage surface opening of not less than 20% or a roller 
conveyor of a group of heat-resistant rollers. Further, ac- 
cording to a preferred embodiment of the present inven- 
ts tion, the carrying means Is a belt conveyor of a heat- 
resistant net having a mesh size up to 50 mm x 40 mm 
or a roller conveyor of a group of continuous heat-resist- 
ant rollers having a pitch of 1 to 300 mm. 
[0072] The surface of the rapidly heated substrate is 
20 cooled by the cooling device 1 0 to room temperature. In 
this device, the substrate Is placed in an atmosphere of 
room temperature and the surface of it is cooled to room 
temperature. So far as the temperature of the surface 
of the substrate can be decreased to room temperature, 
2s this cooling device may be constructed so that the sub- 
strate simply comes into contact with air of room tem- 
perature to lower the temperature of the surface of the 
substrate. Alternatively the device may be constructed 
so that air of room temperature or air having a temper- 
so ature slightly above or below room temperature is forci- 
bly blown against the substrate to lower the temperature 
of the surface of the substrate. In this connection, it 
should be noted that rapid cooling has a fear of cracking 
or the like being created on the surface of the functional 
35 material. Therefore, preferably, the cooling is carried out 
at a highest possible rate with caution so as not to create 
cracking or other unfavorable phenomenon. 
[0073] Fig. 5 shows an apparatus provided with a pre- 
heating device for preheating the surface of the sub- 
40 strata before coating of the photocatalyst coating com- 
position. The preheating device can heat the surface of 
the substrate and raise the temperature of the surface 
of the substrate to a temperature high enough for evenly 
coating the photocatalyst coating composition. In the 
45 apparatus shown in Fig. 5, a preheating device 1 1 is pro- 
vided before the coating device 8. As described above, 
preferably, the surface of the substrate is heated by this 
preheating device to a temperature of 20 to 400°C. It is 
a matter of course that an apparatus, shown in Fig. 3, 
so comprising a substrate molding device 5, a grazing de- 
vice 6, and a firing device 7 may be connected upstream 
of the preheating device 11 . In this connection, however, 
since the substrate heated in the firing device 7 still has 
high temperature, when the functional material having 
ss photocatalytic activity is produced continuously from the 
production of a substrate, the provision of this preheat- 
ing device is generally unnecessary. Therefore, the pre- 
heating device would be generally necessary when the 
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substrate has been separately produced and hence 
does not have satisfactory temperature. 
[0074] Further, in the apparatus shown in Fig. 5, a dry- 
ing device 12 for drying the substrate coated with the 
photocatalyst coating composition by means of the coat- 
ing device 8 is provided before the rapid heating device 
9. This drying device 1 2 comprises air blowing means 
or heating means to remove excess water or solvent 
component from the surface of the substrate. In the ap- 
paratus shown in Fig. 5, the rapid heating device 9 and 
the cooling device 10 may be identical respectively to 
those shown in Fig. 3. 

EXAMPLES 

Example 1 

(a) Preparation of photocatalyst coating composition 

[0075] At the outset, a titanium sol (tradename: STS- 
21 , manufactured by Ishihara Sangyo Kaisha Ltd.), a sil- 
ica sol (tradename: Snowtex S, manufactured by Nissan 
Chemical Industry Ltd.), and lithium silicate (tradename: 
Lithium Silicate 35, manufactured by The Nippon Chem- 
ical Industrial Co., Ltd.) were mixed together. A 1% 
aqueous silver nitrate solution In an amount of 1 part by 
weight based on 1 part by weight of titanium oxide and 
a 0.3% aqueous copper acetate solution in an amount 
of 2 parts by weight based on 1 part by weight of titanium 
oxide were added to the mixture, followed by irradiation 
with ultraviolet light (Intensity of ultraviolet light about 1 
mW/cm2) for 4 hr, during which time the solution was 
Stirred so as to satisfactorily irradiate the solution with 
ultraviolet light. Thus, a mixed sol as a photocatalyst 
coating composition was prepared which was com- 
posed of: a titanium sol with silver and copper being sup- 
ported on a titanium oxide photocatalsyt; a silica sol; and 
a lithium silicate. The final concentration in the mixed 
sol was 0.2% by weight for the titanium sol (solid content 
0.1%), 0.3% by weight for the silica sol, and 0.4% by 
weight for lithium silicate. 

(b) Preparation of substrate 

[0076] In an apparatus shown in Fig. 3, a starting ma- 
terial for ceramic ware was pressed in a forming device 
5 to prepare a body. A glaze was coated onto the surface 
of the body in a glazing device 6. The coated body was 
passed through a roller hearth kiln as a firing device 7 
kept at a firing temperature of IISO'C over a period of 
40 min to perform firing. Thus, a tile was obtained. 

(c) Production of functional material 

[0077] In an apparatus shown in Fig. 3, when the tem- 
perature of the tile became ISO'C at the outlet of the 
roller hearth kiln, the photocatalyst coating composition 
prepared atx>ve was spray coated by means of a coating 



device 8 onto the surface of the tile. The coverage of the 
photocatalyst coating composition was 15 g/m^. Since 
the temperature of the tile was as high as 1 SO'C, excess 
water was Instantaneously evaporated. As a result, only 

s solid matter was evenly stacked on the surface of the 
tile to form an atraut 0.1 ji m-thick thin layer. 
[0078] The tile was then carried in a furnace as a rapid 
heating device provided continuously from the coating 
device 8. The furnace had heating elements densely ar- 

10 rayed on the upper part of the interior thereof. The tem- 
perature of the atmosphere in the furnace was about 
800 to lOOO'C, the heating value per unit area within 
the furnace was about 1600 MJ/m2 hr, and the heating 
area was 30 cm x 150 cm. The time of residence of the 

IS tile within the furnace was about 30 sec, and the time 
for which the tile had been placed under the heating el- 
ements was atKJut 10 sec. The rapid heating permitted 
the thin layer formed on the surface of the tile to be com- 
pletely fixed onto the surface of the tile. 

20 [0079] The surface of the tile carried out from the fur- 
nace had a temperature increased to 300 to 350"C. 
Subsequently, the tile was introduced into a cooling de- 
vice where the tile was sprayed with cold air blown from 
above and below the tile. The tile was cooled to 

25 100-150°C during the period of time for which the tile 
was traveled by 3 m through the cooling device. 
[0080] The tile as a functional material thus obtained 
had photocatalytic activity and high decomposition ac- 
tivities, such as antimicrobial activity, antifouling activity, 

30 and deodorant activity, and further was hydrophilic. The 
thin layer formed on the surface of the tile was a strong 
layer which had a strength (hardness) of not less than 
4 in terms of Mohs hardness and possessed excellent 
abrasion resistance and chemical resistance. 

35 [0081] The heat of wetting of the thin layer by water 
was determined and found to be as high as 500 erg/cm^, 
suggesting that the thin layer had satisfactory hy- 
drophilicity. The heat of wetting is regarded as a meas- 
ure of wettability by a solvent, and higher heat of wetting 

40 means that the wettability by the solvent is high. 

Example 2 

(a) Preparation of photocatalyst coating composition 

45 

[0082] A photocatalyst coating composition was pre- 
pared in the same manner as in Example 1 , except that 
1 part by weight of a 3% aqueous copper acetate solu- 
tion was used instead of 1 part by weight of the 1 % aque- 
50 ous silver nitrate solution and 2 parts by weight of the 
0.3% aqueous copper acetate solution. 

(b) Preparation of substrate 

55 [0083] A large tile (0.9 mx 1.8 m) was prepared in the 
same manner as in Example 1. Specifically, a starting 
material for ceramic ware was extruded by means of a 
forming device 5 in the apparatus shown in Fig. 3 to pre- 
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pare a body. A glaze was coated onto the surface of the 
body by means of a glazing device 6. The coated body 
was passed through a roller hearth kiln as a firing device 
7 kept at a firing temperature of 1150°C over a period 
of 3 hr to perform sintering. Thus, a large tile was ob- 
tained. 

(c) Production of functional material 

[0084] In an apparatus shown in Fig. 3, when the tem- 
perature of the tile became 80 "C , the photocatalyst 
coating composition as used In Example 1 was spray 
coated onto the surface of the tile by means of a coating 
device 8. The coverage of the photocatalyst coating 
composition was 15 g/m^. Since the temperature of the 
tile was as high as 80°C, excess water was Instantane- 
ously evaporated. As a result, only solid matter was 
evenly stacked on the surface of the tile to form an atx>ut 
0.1 nm-thlckthln layer. 

[0085] The tile was then carried In a furnace as a rapid 
heating device continuously provided from the coating 
device 8. The furnace had heating elements densely ar- 
rayed on the upper part of the interior thereof. The tem- 
perature of the atmosphere in the furnace was atxiut 
800 to 1000°C, the heating value per unit area within 
the furnace was about 1600 MJ/m^ hr, and the heating 
area was 1 .5 m x 28 m. The time of residence of the tile 
within the furnace was about 60 sec, and the time for 
which the tile had been placed under the heating ele- 
ments was about 50 sec. The rapid heating permitted 
the thin layer formed on the substrate to be completely 
fixed onto the surface of the tile. 
[0086] The surface of the tile carried out from the fur- 
nace had a temperature increased to 200 to 250°C. 
Subsequently, the tile was introduced Into a cooling de- 
vice where the tile was sprayed with water. In the cooling 
device, the tile was cooled to lOO-ISO'C during the pe- 
riod of time for which the tile was traveled by 10 m 
through the cooling device. 

[0087] The tile as a functional material thus obtained 
had photocatalytic activity and high decomposition ac- 
tivities, such as antimicrobial activity, antifouling activity, 
and deodorant activity, and further was hydrophilic. The 
thin layer formed on the surface of the tile was a strong 
layer which had a strength (hardness) of not less than 
4 in terms of Mohs hardness and possessed excellent 
abrasion resistance and chemical resistance. 

Example 3 

(a) Preparation of photocatalyst coating composition 

[0088] A titanium alkoxide (titanium tetraisopropox- 
Ide) and tetraethyl orthoslllcate were diluted with isopro- 
pyl alcohol to prepare a photocatalyst coating composi- 
tion having a titanium alkoxide concentration of 5% by 
weight and a tetraethyl orthosilicate concentration of 1 % 
by weight. 
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(b) Substrate 

[0089] A glass plate having a size of 1 m x 1 m was 
provided as a substrate. 

5 

(c) Production of functional material 

[0090] A functional material was produced using the 
same apparatus as shown in Fig. 5, except that, instead 

10 of provision of a pair of the coating device 8 and the 
drying device 12, the coating device 8 and the drying 
device 1 2 were alternately provided in three pairs. At the 
outset, the glass plate was heated to a surface temper- 
ature of 40°C in a preheating device 11 kept at a tem- 

is perature of 40°C. The photocatalyst coating composi- 
tion was spray coated on the surface of the glass plate. 
The coverage was 5 g/m^. Since the temperature of the 
glass substrate is as low as 40°C, the water and the al- 
cohol are less likely to be evaporated, for this reason, 

20 after coating of the photocatalyst coating composition, 
the coating was dried at 100°C. The coating followed by 
drying was repeated three times. This permitted only 
solid matter to be evenly stacked on the surface of the 
glass plate to form an about 0.1 n m-thick thin layer. 

2S [0091] Next, the glass plate with a thin layer formed 
thereon was carried in a furnace as a rapid heating de- 
vice 9 provided continuously from the last drying device 
1 2 . The furnace had heating elements densely arrayed 
on the upper part of the interior thereof. The temperature 

30 of the atmosphere in the furnace was atx)ut 550°C. The 
time of residence of the glass plate within the furnace 
was about 2 sec. The rapid heating permitted the thin 
layer formed on the glass substrate to be completely 
fixed onto the surface of the glass plate. 

35 [0092] The surface of the glass plate carried out from 
the furnace had a temperature increased to 250 to 
350»C. Subsequently, the glass plate with a thin layer 
fixed thereon was introduced into a cooling device 
where air was blown against the glass plate. In the cool- 

<o ing device, the glass plate was cooled to 50-1 50°C dur- 
ing the period of time for which the glass plate was 
traveled by 3 m through the cooling device. 
[0093] The functional material thus obtained had high 
surface smoothness, photocatalytic activity, high degre- 
es dation activity, and high hydrophilicity. 

[0094] The thin layer formed on the surface of the 
glass plate was a strong layer which had a strength 
(Mohs hardness) of not less than 4 and possessed ex- 
cellent abrasion resistance and chemical resistance. 

50 

Example 4 

(a) Preparation of photocatalyst coating composition 

ss [0095] The same photocatalyst coating composition 
as used in Example 1 was provided. 
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(b) Substrate 

[0096] An inorganic decorative plate liaving thereon 
an acrylated urethane coating and, further, a f luororesin 
coating was provided as a substrate. 

(c) Production of functional material 

[0097] A functional material was produced using an 
apparatus shown in Fig. 5. The surface of the substrate 
was heated to eO'C in the preheating device 11 set at a 
temperature of 60°C. The photocatalyst coating compo- 
sition was spray coated on the surface of the substrate. 
The coverage was 20 g/m^. 

[0098] The coated substrate was then carried In a rap- 
id heating device 9 provided continuously from the dry- 
ing device 12. The rapid heating device 9 was a roller 
hearth kiln (RHK) (the temperature of the atmosphere 
250"'C). The substrate with a coating formed thereon 
was passed through RHK over a period of about 45 sec 
to perform rapid heating. The rapid heating permitted 
the photocatalyst coating composition to be completely 
fixed onto the surface of the inorganic decorative plate 
as the substrate. 

[0099] The functional material having photocatalytic 
activity thus obtained had high surface smoothness, de- 
composition activity and oil repellency. The thin layer 
formed on the substrate was a strong layer possessing 
excellent abrasion resistance and chemical resistance. 

Example S 

(a) Preparation of photocatalyst coating composition 

[0100] At the outset, a titanium sol (STS-21 ), a silica 
sol (tradename: Snowtex O, manufactured by Nissan 
Chemical Industry Ltd.), lithium silicate (tradename: 
Lithium Silicate 35, manufactured by Nissan Chemical 
Industry Ltd.), and a surfactant (Kao Emulgen 707) were 
mixed together. A 1 % aqueous silver nitrate solution in 
an amount of 1 part by weight based on 1 part by weight 
of titanium oxide and a 0.3% aqueous copper acetate 
solution in an amount of 2 parts by weight based on 1 
part by weight of titanium oxide were added to the mix- 
ture, followed by irradiation with ultraviolet light (inten- 
sity of ultraviolet light about 1 mW/cm^) for 4 hr, during 
which time the solution was stirred so as to satisfactorily 
irradiate the solution with ultraviolet light. Thus, a mixed 
sol as a photocatalyst coating composition was pre- 
pared which was composed of: a titanium sol with silver 
and copper being supported on a titanium oxide photo- 
catalyst; a silica sol; lithium silicate; and a surfactant. 
The final concentration in the mixed sol was 0.1% by 
weight for the titanium sol, 0.1% by weight for the silica 
sol, 0.5% by weight for lithium silicate, and 0.001% by 
weight for the surfactant. 



(b) Substrate 

[0101] Western tableware was provided as a sub- 
strate. 

5 

(c) Production of functional material 

[0102] A functional material was produced using an 
apparatus shown in Fig. 5. At the outset, the tableware 

)0 was heated to a surface temperature of 100°C in a pre- 
heating device 11 set at a temperature of lOO'C. The 
photocatalyst coating composition was spray coated on 
the surface of the tableware. The coverage was 40 g/ 
m2. Since the temperature of the tableware was as high 

IS as 100°C, water was instantaneously evaporated. As a 
result, only solid matter was evenly stacked on the sur- 
face of the tableware to form an about 0.4 ^m-thick thin 
layer. 

[01 03] The tableware with a thin layer formed thereon 
was then carried in a furnace as a rapid heating device 
9 continuously provided from the drying device 12. The 
furnace had heating elements densely arrayed on the 
upper part of the interior thereof. The temperature of the 
atmosphere in the furnace was about 800 to lOOO'C, 
the heating value per unit area within the furnace was 
about 1600 MJ/m^'hr, and the heating area was 30 cm 
X 150 cm. The time of residence of the tableware within 
the furnace was about 10 sec. The rapid heating permit- 
ted the thin layer formed on the surface of the tableware 
to be completely fixed onto the surface of the tableware. 
[0104] The surface of the tableware carried out from 
the furnace had a temperature increased to 250 to 
30O''C. Subsequently, the tableware was introduced in- 
to a cooling device where the tableware was subjected 
to air blast cooling. The tableware was cooled to 
50-1 SO'C during the period of time for which the table- 
ware was traveled by 3 m through the cooling device. 
[0105] The tableware with a thin layer formed thereon 
thus obtained as a functional material had photocatalytic 
activity and excellent antimicrobial activity. A salad oil 
was deposited on the functional material and then 
washed in water. As a result, the salad oil deposited on 
the surface thereof could be easily removed by washing 
in water alone. 

[0106] The thin layer formed on the surface of the ta- 
bleware was a strong layer which had a strength (hard- 
ness) of not less than 4 in terms of Mohs hardness and 
possessed excellent abrasion resistance and chemical 
resistance. 

Example 6 

[0107] A functional material was produced using an 
apparatus shown in Fig. 5. At the outset, a tile was heat- 
ed to a surface temperature of 100°C in a preheating 
device 11 set at a temperature of 100°C. A titanium 
chelate (0.05%) as a photocatalyst coating composition 
was then spray coated on the surface of the tile as the 



25 



30 



40 



SO 



55 



23 



EP1 118 385 A1 



substrate. Water was immediately evaporated, and solid 
matter was fixed onto the surface of the tile to form an 
about 0.2 jim-thick thin layer. 

[0108] The tile with a thin layer formed thereon was 
then carried in a furnace as a rapid heating device con- 
tinuously provided from the drying device 12. The fur- 
nace had heating elements densely arrayed on the up- 
per part of the interior thereof. The temperature of the 
atmosphere in the furnace was about 800 to lOOCC. 
the heating value per unit area within the furnace was 
about 1600 MJ/m^ hr, and the heating area was 30 cm 
X 150 cm. The time of residence of the tile within the 
furnace was about 10 sec. The rapid heating permitted 
the thin layer formed on the tile to be completely fixed 
onto the surface of the tile. 

[01 09] The surface of the tile carried out from the fur- 
nace had a temperature Increased to 250 to 300°C. 
Subsequently, the tile was introduced into a cooling de- 
vice where the tile was subjected to air blast cooling. 
The tile was cooled to 50-1 50°C during the period of 
time for which the tile was traveled by 3 m through the 
cooling device. 

[01 10] The tile with a thin layer formed thereon thus 
obtained as a functional material had photocatalytic ac- 
tivity and excellent hydrophilicity and antimicrobial ac- 
tivity. 

[01 1 1 ] The thin layer formed on the surface of the tile 
was a strong layer which had a strength (hardness) of 
not less than 4 in terms of Mohs hardness and pos- 
sessed excellent abrasion resistance and chemical re- 
sistance. 

Example 7 

[0112] A functional material was produced using an 
apparatus shown in Fig. 5. A tile was heated to a surface 
temperature of 100 to SOO'C in a preheating device. A 
water-soluble coating liquid prepared by mixing a pre- 
determined amount of a titanium oxide sol, a predeter- 
mined amount of an alkali silicate, and a predetermined 
amount of an alumina sol together and adjusting the 
mixture to a Ti02 concentration of 0.2%, an Si02 con- 
centration of 0.1%, an Li20 concentration of 0.008%, an 
NajO concentration of 0.01 2%, a B2O3 concentration of 
0.0015%, and an AI2O3 concentration of 0.005% was 
spray coated at a coverage of 2 to 3 ^g per cm^ of the 
tile surface. Water was immediately evaporated, and 
solid matter was fixed onto the surface of the tile. Next, 
the tile with solid matter fixed thereon was fired in the 
rapid heating device 9 provided continuously from the 
drying device 12 under conditions of in-furnace temper- 
ature about 850°C, heating value 1200 MJ/m^ hr, and 
heating area 0.6 m^. In this case, the highest tempera- 
ture of the surface of the tile was 480°C. The time of 
residence of the tile within the furnace was about 15 sec. 
As a result, a thin layer was formed on the surface of 
the tile. The photocatalytic activity of the functional ma- 
terial sample thus obtained was determined as follows. 



A 1% silver nitrate solution was coated onto the surface 
of the sample. The coated sample was allowed to stand 
under a BLB lamp for 5 min. The color difference (AE) 
was then measured and found to be about 18. Further, 
s the sample was allowed to stand under a BLB lamp for 
24 hr. The contact angle of the sample with water was 
then measured and found to be about 5 degrees. 

Example 8 

10 

[0113] A functional material was produced using an 
apparatus shown in Fig. 5. A tile was heated to a surface 
temperature of 200°C in a preheating device 11. An 
aqueous solution prepared by mixing a copper-doped 
'5 titanium oxide sol and an alkali silicate together and ad- 
justing the mixture to a TiOg concentration of 0.08%, a 
CuO concentration of 0.004%, an SiOg concentration of 
0.3%, an Li20 concentration of 0.025%, an Na20 con- 
centration of 0.04%, and a B2O3 concentration of 
20 0.005% was spray coated at a coverage of 2 to 3 ^^g per 
cm2 of the substrate surface. Water was immediately 
evaporated, and solid matter was fixed onto the surface 
of the tile. Next, the tile with solid matter fixed thereon 
was fired in the rapid heating device 9 provided confin- 
es uously from the drying device 12 under conditions of in- 
furnace temperature about 750°C, heating value 1200 
MJ/m^ hr, and heating area 0.6 m^. In this case, the 
highest temperature of the surface of the tile as the sub- 
strate during firing was 350°C. The time of residence of 
30 the tile within the furnace was about 10 sec. As a result, 
a thin layer was formed on the surface of the tile. The 
photocatalytic activity of the functional material sample 
thus obtained was determined as follows. A 1% silver 
nitrate solution was coated onto the surface of the sam- 
3S pie. The coated sample was allowed to stand under a 
BLB lamp for 5 min. The color difference (AE) was then 
measured and found to be atx>ut 1 8. Further, the surface 
of the sample had high antimicrobial activity. 



Claims 

1 . A process for producing a functional material having 
photocatalytic activity, comprising the steps of: 

fs coating a photocatalyst coating composition com- 
prising a photocatalytic metal oxide and/or a pre- 
cursor of the photocatalytic metal oxide onto the 
surface of a substrate; and 

rapidly heating the surface of the coated sub- 
so strate to fix the photocatalytic metal oxide onto the 
surface of the substrate. 

2. The process according to claim 1 , wherein the rapid 
heating is carried out by heating the surface of the 

55 substrate to 1 00 to 800"'C. 

3. The process according to claim 2, wherein the rapid 
heating is carried out by heating the surface of the 
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substrate to 150 to 600°C. 

4. The process according to any one of claims 1 to 3, 
wherein, during the rapid heating, the substrate is 
placed in an atmosphere of 1 00 to 1 000°C. s 

5. The process according to any one of claims 1 to 4, 
wherein the rapid heating is carried out for 2 to 60 

sec. 

10 

6. The process according to any one of claims 1 to 5, 
wherein, during the rapid heating, the heating tem- 
perature is kept substantially constant. 

7. The process according to any one of claims 1 to 6, )s 
wherein the surface of the substrate is preheated 
before coating of the photocatalyst coating compo- 
sition. 

8. The process according to any one of claims 1 to 7, zo 
wherein the preheating is carried out by heating the 
surface of the substrate to 20 to 400°C. 

9. The process according to any one of claims 1 to 8, 
wherein the rapid heating is carried out by intensive- 
ly supplying heat energy only to the surface of the 
substrate. 

10. The process according to any one of claims I to 9, 
wherein the rapid heating is carried out by heating so 
means of which the heating value per unit area is 

not less than 120 MJ/m^.hr. 

11. The process according to any one of claims 1 to 10, 
wherein the substrate coated with the photocatalyst 35 
coating composition is dried before the rapid heat- 
ing. 

12. The process according to any one of claims 1 toll, 
wherein the surface of the rapidly heated substrate to 
is then rapidly cooled. 

13. The process according to any one of claims 1 to 12, 
wherein the photocatalytic metal oxide is selected 
from the group consisting of TiOg, ZnO, SnOg, 
SrTiOa, WO3, BIjOq, FeaOg, and V2O5. 

14. The process according to anyone of claims 1 to 13, 
wherein the precursor of the photocatalytic metal 
oxide is a compound which contains at least one so 
metal selected from the group consisting of titani- 
um, zinc, tin, strontium, tungsten, bismuth, iron, and 
vanadium and, upon the rapid heating, is converted 

to the photocatalytic metal oxide. 

55 

1 5. The process according to any one of claims 1 to 1 4, 
wherein the photocatalyst coating composition fur- 
ther comprises a binder. 



16. The process according to claim 15, wherein the 
binder comprises: at least one member selected 
from the group consisting of inorganic oxide parti- 
cles, silicone resin film precursors capable of form- 
ing silicone resin films, and silica film precursors ca- 
pable of forming silica films; and a solvent. 

17. The process according to claim 15, wherein the 
binder comprises: 

a memt>er selected from the group consisting 
of silicon, aluminum, potassium, lithium, sodi- 
um, cesium, calcium, magnesium, titanium, 
phosphorus, boron, zirconium, rubidium, fran- 
cium, yttrium, hafnium, lanthanides, and com- 
pounds of said elements; and 
an all<ali silicate represented \ by formula 
MegO nSiOg wherein Me represents an alkali 
metal. 

18. The process according to any one of claims 1 to 1 7, 
wherein an identical photocatalyst coating compo- 
sition is coated a plurality of times on the surface of 
the substrate to form a stacked or multi-layered 
coating, or alternatively, a plurality of different pho- 
tocatalyst coating compositions are provided fol- 
lowed by successive coating of the plurality of pho- 
tocatalytic coating compositions onto the surface of 
the substrate to form a stacked or multi-layered 
coating. 

19. The process according to any one of claims 1 to 18, 
which comprises the steps of: providing at least one 
coating composition comprising a binder and sub- 
stantially free from the photocatalytic metal oxide 
and the precursor of the photocatalytic metal oxide 
and a photocatalyst coating composition compris- 
ing the photocatalytic metal oxide and/or the pre- 
cursor of the photocatalytic metal oxide or a photo- 
catalyst coating composition comprising the photo- 
catalytic metal oxide and/or the precursor of the 
photocatalytic metal oxide and the binder; 

coating them onto the surface of the substrate 
to form a multi-layered coating; and 
then rapidly heating the assembly. 

20. The process according to any one of claims 1 to 1 9, 
wherein the photocatalyst coating composition fur- 
ther comprises a metal and/or a metal oxide select- 
ed from silver, copper, zinc, metals of the platinum 
group, and oxides of said metals. 

21. The process according to claim 20, wherein the 
metal and the metal oxide are present, in a support- 
ed state, on the surface of the photocatalytic metal 
oxide. 
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22. The process according to claim 21, wherein the 
metal and the metal oxide have been supported on 
the surface of the photocatalytic metal oxide by pho- 
toreduction fixation using ultraviolet light irradiation. 

23. The process according to any one of claims 1 to 22, 
wherein the concentration of the photocatalytic met- 
al oxide and/or the precursor of the photocatalytic 
metal oxide In the photocatalyst coating composi- 
tion is 0.001 to 35% by weight on a solid basis. 

24. The process according to any one of claims 1 to 23, 
wherein the photocatalyst coating composition con- 
tains the binder In an amount of 0.001 to 100 parts 
by weight based on one part by weight of the pho- 
tocatalytic metal oxide and the precursor of the pho- 
tocatalyst metal oxide. 

25. The process according to any one of claims 1 to 24, 
wherein the photocatalyst coating composition con- 
tains the binder in an amount of 0.1 to 5 parts by 
weight based on one part by weight of the photo- 
catalytic metal oxide and the precursor of the pho- 
tocatalytic metal oxide. 

26. The process according to any one of claims 1 to 25, 
wherein the substrate is made of a metal, an inor- 
ganic material, an organic material, or a composite 
material thereof. 

27. The process according to any one of claims 1 to 26, 
wherein the functional material having photocata- 
lytic activity Is an interior or exterior material. 

28. The process according to any one of claims 1 to 26, 
wherein the functional material having photocata- 
lytic activity is a tile, a sanitary ware, a table ware, 
a calcium silicate board, a building material, a ce- 
ramic substrate, a semiconductor material, an insu- 
lator, a glass, a mirror. 

29. An apparatus for producing a functional material 
having photocatalytic activity, said apparatus com- 
prising at least 

coating means for coating a photocatalyst coat- 
ing composition comprising a photocatalytic 
metal oxide and/or a precursor of the photocat- 
alytic metal oxide onto the surface of a sub- 
strate and 

heating means for rapidly heating the surface 
of the coated substrate to fix the photocatalytic 
metal oxide onto the surface of the substrate. 

30. The apparatus according to claim 29, which carries 
out the method according to any one of claims 1 to 
28. 
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31. The apparatus according to claim 30 or 31, wherein 
the heating value per unit area of the rapid heating 
means is not less than 120 MJ/m^.hr. 

s 32. The apparatus according to any one of claims 29 to 

31, wherein the heating means can maintain the 
heating temperature at a substantially constant val- 
ue. 

10 33. The apparatus according to any one of claims 29 to 

32, wherein the rapid heating means maintains the 
heating temperature at a substantially constant val- 
ue over a zone length of S cm to 30 m. 

IS 34. The apparatus according to any one of claims 29 to 

33, wherein the rapid heating means comprises at 
least a heating element, a heat-resistant material 
which covers the heating element while forming a 
given heating space, holding means for holding the 

20 substrate within the heating space, a carry-in port 
for carrying the substrate in the heating space, and 
a carry-out port for carrying out the substrate from 
the heating space. 

25 35. The apparatus according to any one of claims 29 to 

34, wherein the heating element is provided so that 
the distance between the heating element and the 
surface of the substrate is 5 to 300 mm with the dis- 
tance being fixed or variable. 

30 

36. The apparatus according to any one of claims 29 to 

35, which further comprises preheating means for 
preheating the surface of the substrate before coat- 
ing the photocatalyst coating composition. 

35 

37. The apparatus according to any one of claims 29 to 
35, which further comprises drying means for drying 
the substrate coated with the photocatalyst coating 
composition by the coating means. 

40 

38. The apparatus according to any one of claims 29 to 

37, which further comprises cooling means for rap- 
idly cooling the surface of the substrate heated by 
the heating means. 

45 

39. The apparatus according to any one of claims 29 to 

38, which comprises carrying means for continu- 
ously moving and carrying the substrate within the 
apparatus. 

50 

40. The apparatus according to any one of claims 29 to 

39, wherein the rapid heating means is disposed im- 
mediately downstream of the coating means. 

41. The apparatus according to any one of claims 29 to 

40, which is disposed immediately downstream of 
an apparatus for producing the substrate. 



EP1 118 385 A1 



55 



15 



EP1 118 385 A1 



42. The apparatus according to any one of claims 29 to 
41, wherein the carrying mearts is a belt conveyor 
or a roller conveyor. 

43. The apparatus according to claim 42, wherein the 
carrying means is a belt conveyor of a heat-resist- 
ant belt having a percentage surface opening of not 
less than 20% or a roller conveyor of a group of roll- 



44. The apparatus according to claim 42, wherein the 
belt conveyor comprises a heat-resistant net having 
a mesh size up to 50 mm x 50 mm. 

45. The apparatus according to claim 42, wherein the 
roller conveyor comprises continuous heat-resist- 
ant rollers having a pitch of 1 to 300 mm. 

46. A functional material having photocatalytic activity, 
produced by the method according to any one of 
claims 1 to 28 or the apparatus according to any 
one of claims 29 to 45. 

47. A photocatalyst coating composition consisting es- 
sentially of a photocatalytic metal oxide and/or a 
precursor of the photocatalytic metal oxide and an 
alkali silicate and/or a precursor of the alkali silicate. 

48. The photocatalyst coating composition according to 
claim 47, which further comprises a metal and/or a 
metal oxide. 

49. The photocatalyst coating composition according to 
claim 48, wherein the metal is in the form of particles 
of at least one member selected from the group con- 
sisting of copper, silver, platinum, cobalt, iron, nick- 
el, gold, zinc, chromium, manganese, and molyb- 
denum and the metal oxide Is in the form of particles 
of at least one member selected from the group con- 
sisting of CUgO and AggO. 

50. The photocatalyst coating composition according to 
claim 48, wherein the metal oxide Is an oxide of at 
least one metal selected from the group consisting 
of silicon, aluminum, potassium, lithium, sodium, 
cesium, rubidium, and francium. 

51 . The photocatalyst coating composition according to 
claim 48 or 49, wherein the metal and/or the metal 
oxide are previously supported on the photocatalyt- 
ic metal oxide and/or the precursor of the photocat- 
alytic metal oxide. 

52. The photocatalyst coating composition according to 
claim 51 , wherein the metal and/or the metal oxide 
have been supported by photoreduction. 

53. A hydrophllic functional material comprising: a sub- 



strate; and a layer provided on the surface of the 
sut>strate, the layer consisting essentially of a pho- 
tocatalytic metal oxide and an alkali silicate. 

54. The hydrophllic functional material according to 
claim 53, wherein the layer further comprises a met- 
al and/or a metal oxide. 

55. The hydrophllic functional material according to 
claim 54, wherein the metal is in the form of particles 
of at least one member selected from the group con- 
sisting of copper, silver, platinum, cobalt, iron, nick- 
el, gold, zinc, chromium, manganese, and molyb- 
denum and the metal oxide is in the form of particles 
of at least one member selected from the group con- 
sisting of CugO and Ag20. 

56. The hydrophilic functional material according to 
claim 54, wherein the metal oxide is an oxide of at 
least one metal selected from the group consisting 
of silicon, aluminum, potassium, lithium, sodium, 
cesium, rubidium, and francium. 

57. The hydrophilic functional material according to 
claim 54 or 55, wherein the metal and/or the metal 
oxide have been previously supported on the pho- 
tocatalytic metal. 

58. The hydrophilic functional material according to 
claim 57, wherein the metal and/or the metal oxide 
have been supported by photoreduction. 
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(54) PHOTOCATALYST-CARRYING STRUCTURE AND PHOTOCATALYST COATING MATERIAL 

(57) The present invention provides a photocata- 

lyst-carrying structure which has a structure, wherein an Pig. 1 

adhesive layer is provided in between a photocatalyst 

layer and a substrate, the adhesive layer is composed of | — 
silicon-modified resin, polysiloxane-containing resin or ~ 
colloidal silica-containing resin, and for forming the pho- 
tocatalyst layer a composition corrprlsing a metal oxide 
gel or a metal hydroxide gel and a photocatalyst is used. 
Further, the present Invention also provides a photocat- 
alyst coating agent for producing a photocatalyst-carry- 
ing structure which contEuns silicon compound, at least 
one metal oxide sol or metal hydroxide sol, and at least 
one photocatalyst powder or sol. 
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Description 

Field of the Invention 

5 [0001 ] The present Invention Is related to a structure carrying a photocatalyst which is useful for antifouling. cleaning 
water, deodorization. pasteurization, a treatment of waste water, decomposition of water, a control of algae growth and 
various chemical reactions. 

Background Art 

[0002] Titanium dioxide, which is n-type semiconductor, has been known as a photocatalyst that activates various 
chemical reactions with ultraviolet radiation energy, such as chemical reactions resulted In during a process of decom- 
position of water, deodorization, pateurization. cleaning of water, a treatment of waste water or the like. It is said that 
the catalytic activity of a photocatalyst can be generally high when it is used either in powder form or in a form of bus- 
ts pension in a solvent, however. In many cases, such photocatalyst is practically obliged to be used in a form being car- 
ried on a certain substrata. Fbr utilizing ultraviolet radiation energy from light efficiently, it is advantageous to make a 
substrate into a shape like a paper or a sheet, which can secure the wider light inadiation area, moreover, it is further 
advantageous to make the surface of the substrate Into a porous structure in order to increase contacting area of the 
substrate with a reactant with which an objective chemical reaction is desired to be proceeded in the presence of a pho- 
so tocatalyst. 

[0003] Various substrates which comprise a photocatalyst have been proposed in the past. For example, (A) a light 
transmissible material, such as cellulose nitrate, glass. poly(vlny) chloride), plastics, nylon, methacrylic resin and poly- 
propylene, is disclosed in Japanese Patent Laid-opened No. Sho 62-66861 . (B) polypropylene f bers and ceramics are 
disclosed In Japanese Patent Laid-opened No. Hei 2-68190. and (C) glass, ceramics, nylon, acryl and polyester resins 

2S are disclosed in Japanese Patent Laid -opened No. Hei 5-309267. 

[0004] However, among the materials as disclosed above, it is reported that the one comprising an organic material 
as its main component has the disadvantage that the organic material can be decomposed and deteriorated due to cat- 
alytic reaction caused by a photocatalyst contained in the said material, and the durability thereof has therefore been 
problematic (see FumiakI OotaniO Kbbunsi Kako No. 42. vol. 5, page 18 (1993): Titanium dioxide', by Manabu Kiyono, 

30 published by Gihodo, page 1 65). 

[0005] Further, even though the substrate is composed of an inorganic material, such as glass and ceramics, there 
must be some problems in the durability property of the substrate, such that, if an organic polymer resin is used as an 
adhesive for carrying a photocatalyst on the substrate, the photocatalytic activity may be lowered due to coverage of 
the surface of photocatalyst particles with such resin, and that the photocatalyst may be exfoliated from the substrate 

35 due to the cause of decomposition and deterioration of said organic polymer resin by virtue of its photocatalytic activity. 
[0006] In order to avoid having such problems as described above, a method called spattering method whereby any 
organic materials do not remain (Japanese Patent Laid-opened No. Sho 60-044053), a method to coat and bake an 
organic titanate (Japanese Patent Laid-opened No. Sho 60-1 18236), a method to spray and bake titania sol (Japanese 
Patent Laid-opened No. Hei 5-253544), and the others have been employed, in case that the substrate used is an inor- 

40 ganic heat-resistant material. 

[0007] However, these methods have a problem that they require a process of baking the substrate at a high temper- 
ature in order to obtain production and crystalization of photocatalyst particles over the substrate and adhesive property 
with the substrate, and therefore, it is difficult to carry photocatalyst over a wide area and the production according to 
these methods requires very high cost. 

45 [0008] Whereas, for carrying a photocatalyst onto a glass fiber paper, a method to use a metal oxide eol as an adhe- 
sive has been proposed (see Japanese Patent Laid-opened No. Hei 5-309267). 

[0009] However, the adhesive property of a metal oxide sol, such as silca sol, is very weak because it is derived from 
van der Waars force (see Fine Ceramics, vol. 1 . page 216-223. 1980) so that the binding strength and durability of the 
adhesive were InsuffKient. Further, the method additionally requires a process of baking at a high temperature, and 
so therefore, it was not applicable for all types of substrates including convnonly used types of resins which are easily 
decomposed by heating. 

[001 0] In an example wherein a metal oxide, such as silica gel and clay mineral, in a sol state can^ying photocatalyst 
powder thereon, there is a report that the photocatalytic decomposition reaction of propione aldehyde gas is acceler- 
ated by virtue of the effect of a substrate as an adsorbent (see Symposium, 'Recent development in Photocatalytic 
55 Reaction', previous manuscripts, by Society for the Study of Photofuncttonal Materials, No. 2-1 1 page 39. 1994). 

[001 1 ] However, no report has been made up till xmi describing that a sutistrate having excellent adhesive property 
and durability while keeping the high photocatalytic activity of a photocatalyst which is uniformly distributed in a metal 
oxide sol as described above is obtained. 
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[001 2] Whereas, a method to fix a photocatalyst by using a f luororesin has been also proposed (see Japanese Patent 

Laid-opened No. Hei 6-315614). However, the price of fluororesin is high, and it is required 1o cover the most ot the sur- 
face of photocatalyst particles with fluororesin In order to stick photocatalyst particles strongly. Accordingly, the catalytic 
activity of a photocatalyst becomes lower than the activity given by the same photocatalyst in powder form. Although an 
5 example that intends to carry a photocatalyst onto a substrate by means of mixing the photocatalyst with a binder resist- 
ant to decomposition, such asfluororesins and poly(organosiloxane). has been known (see EP-0633064) it is not suf- 
ficient to solve practically such problems as to adhesive property and durability. 

[001 3] As described above, the following three points can be given as problems to be solved when carrying a photo- 
catalyst onto a substrate, which are (1) an adhesive property between a photocatalyst and a substrate should be good, 

10 (2) the photocatalytic activity of a photocatalyst does not degrade when tt is carried onto a substrate and (3) both of a 
substrate and an adhesive should not be deteriorated due to presence of a photocatalyst earned thereon and the sub- 
strate can keep its binding strength, durability and catalytic activity. Furthermore, when using a photocatalyst-carrying 
structure under a condition of a high temperature and high humidity, a property to maintain excellent adhesive property 
after dipping it into trailing wafer Is required for the structure, for example. 

IS [001 4] Whereas, it is required for a photocatalyst coating material used for carrying a photocatalyst onto a substrate 
a property that the photocatalyst coating material causes neither its viscosity increase nor its particle sedimentation 
even after the preservation for at least one month and preferatriy more than three months. Also, a property that enables 
to carry a photocatalyst onto a sut>strate without deteriorating its photocatalytic activity when coating the photocatalyst 
onto a product for practical use. is required as well. 

20 [001 5] The inventors of the present invention have found a method to strongly glue a photocatalyst onto a substrate 
by providing a specific adhesive layer In between a photocatalyst layer and a substrate to thereby protect the sut)strate 
provided under the adhesive layer from its deterioration due to photocatalytic action derived from the photocatalyst and 
strongly glue the photocatalyst layer to the substrate and by making the adhesive layer resistant to deterioration due to 
photocatalytic action, providing a solution for the problems as described above. 

25 

Disclosure of Invention 

[0016] The inventors of the present invention fbund that silicon-modified resin, such as acryl-siltcon resin or epoxy- 
silicon resin, containing 2-60 % by weight of silicon, a resin containing 5-40 % by weight of coltoidal silica, and a resin 
30 containing 3-60 % by weight of polysiloxane, which is a polycondensation reaction product of a compound represented 
by a general fbrmula (1); 

SiClni(OH)n2Rin3(OR2)n4 (1) 

35 wherein R'' is an alky! having 1-8 carbon atoms whl(^ is unsubstituted or substituted with any of amino, carboxyl or 
chlorine atom. is an alkyt having 1-8 cartxin atoms or an alkoxy-substituted alkyi having 1-8 cartnn atoms, is 0, 
1 or 2, n^ and n^ are each independently 0 or any of integers of from 1 to 3. n^ is any of integers of from 2 to 4, provided 
the sum of n\ n^. n^ and n'* Is 4, can strongly glue a photocatalyst and protect the substrate from photocatalytic action 
derived from a photocatalyst. 

40 [001 7] Moreover, for solving the problem on the photocatalyst coating material, tiie inventors of the present invention 
have found out that a photocatalyst coating material comprising 0. 001-5 % by weight of one or more of alkoxysilanes 
represented by a general formula (2); 

SiR3n5(OR*)4-n5 ( 2 ) 

45 

wherein R^ is an alkyI having 1-8 caitxin atoms which is unsutjstituted or suljstituled with any of amino, chlorine atom 
or cart>oxyl, R** is an aikyi having 1 -8 caitx>n atoms or an alkoxy-substituted alkyl having 1-8 cartx>n atoms, ns is 0, 1 or 
2, or ttie hydrolysis products thereof. 1-30 % by weight of a metal oxide sol and/or a metal hydroxide sol on the solid 
component basis, and 0.1-30 % by weight of a photocatalyst in powder and/or sol. can be stable for a long time and 
so does not result viscosity Increase and particle sedimentaion, and they have accordingly accomplished the present 
invention. 

[001 8] Furthermore, the inventors of the present inventton have also found out that the photocatalyst-carrying struc- 
ture and the photocatalyst coating material descrltjed abme can t>e carried onto various substrates, such as glass, 
plastics, metals, cloth and woody materials, and can be coated onto lens, adhesive films, window shades, nonwoven 
55 fabrics, wooden doors, etc. by using the photocatalyst coating material according to the present invention. 
[001 9] The present invention is further described in detail in the following. 

[0020] In the present invention, a resin to be used for forming the adhesive layer in the photocatalyst-carrying struc- 
ture is selected from a group consisting of silicon-modified resin, such as acryl-silicon resin or epoxy-silicon resin, com- 



3 



EP0 923 988A1 



prising 2-60 % by weight of silicon, a resin comprising 5-40 % by weight of colloidal silica and a resin comprising 3-60 
% by weight of polysiloxane. 

[0021 ] When any of silicon-modified resin containing silicon at content of less than 2 % by weight, such as acryl-sillcon 
resin, a resin containing polysiloxane at a content of less than 3 % by weight and a resin containing colloidal silica at 

s content of less than 5 % by weight is used, the binding force between the adhesive layer and the photocatalyst layer 
degrades, and the adhesive layer is deteriorated due to the action of a photocatalyst. thereby the photocatalyst layer 
tends to be exfoliated easily. Whereas, when silicon-modified resin, such as acryl-silicon resin containing silicon at a 
content more than 60 % by weight is used, the binding between the adhesive layer and the substrate gets worth and 
the abrasion-resistant property of the structure degrades because of the lowering of the hardness of the adhesive layer. 

10 [0022] Whereas, when a resin containing polysiloxane more than 60 % by weight or a resin containing colloidal silica 
more than 40 % by weight is used, the adhesive layer becomes porous, the substrate provided under the adhesive layer 
deteriorates due to the effect of a photocatalyst and binding condition between the substrate and the adhesive layer 
degrades, and the photocatalyst layer thereby tends to be easily exfoliated from the substrate. 
[0023] When using silicon-modified resin, such as acryl-silicon resin and epoxy-silicon resin, as an adhesive layer 

(5 material, any silicon-modified resin prepared according to any method for introducing silioon into resin, such as an ester 
exchange method, graft reaction method using silicon maaomers and reactive silicon monomers, hydrosilylation reac- 
tion method and block copolymerization method, can be used in the present invention. 

[0024] As a resin whereto silicon is introduced, acryl resin and epoxy resin are the most suitatJe in terms of film-form- 
ing property, toughness and adhesion property to the substrate, howeverr. other resins, such as alkyd resin, urethane 

20 resin and polyester resin, can be used as well. In addition, these resins can be used in the either type of solution or 
emulsion. Also, it is not problematic even though such resin contains an additive, such as a cross-linking agent 
[0025] A photocatalyst-canying stmcture with improved adhesive property and durability can be obtained if a resin 
used for forming an adhesive layer is polysiloxane, and the polysiloxane is a hydrolysis product of a silicon alKoxide hav- 
ing 1-5 cartxjn atoms or a product derived from such a hydrolysis product. If alkoxy group of the silicon alkoxide con- 

25 tains 6 or more cartx)n atoms, such resin becomes costly, and the adhesive property and durability of the resin 
deteriorate because it is difficult to harden the alkoxide in the resin due to its slow hydrolysis rate. 
[0026] It is also possible to use polysiloxane which is obtained by sutqecting silicon alkoxide partially containing chlo- 
rine to hydrolysis, however, a substrate may result corrosion due to the presence of chlorine ions as an Impurity when 
using polysiloxane containing a high degree of chlorine atoms, vvhich also degrades the adhesive property of the adhe- 

so sive layer. 

[0027] As a method to introduce polysiloxane into a resin, a method to mix it in a form of a silicon alkoxide monomer 
with a resin solution and subsequently allowing it to hydrolysis with moisture in the air at the time of forming an adhesive 
layer, a method to mix a product obtained by partially allowing silicon alkoxide to hydrolysis with a resin and subse- 
quently allowing the mixture to hydrolysis with moisture in the air at the time of forming a protective film. etc. are known, 
3S any method which allows an uniform mixing with a resin can be employed. A small amount of an acid or base catalyst 
may be added to change the speed of hydrolysis of silicon alkmdde. 

[0028] As examples for a resin suitable to be introduced with polysiloxane, acryl resin, acryl-silicon resin, epoxy-sili- 
con resin, silicon-modified resin, urethane resin, epoxy resin, polyester resin, all^ resin, etc. can be given, however, 
silicon-modified resin including acryl-silicon resin and epoxy-silicon resin are the most prefefat)le one in view of their 
40 durability property. 

[0029] If the adhesive layer is composed of a resin that contains colloidal silica, it is preferable if the diameter of col- 
loidal silica particles Is 10 nm or less. When the diameter exceeds 10 nm, the resin in the adhesive layer funtier dete- 
riorates due to the influence of a photocatalyst, and binding condition between the photocatalyst layer and the adhesive 
layer become worse as well. As a method to introduce such colloidal silica into the resin, it is known that a method to 

45 mix a resin solution with a colloidal silica solution, then apply it and subsequently dry it to form an adhesive layer is the 
easiest, however, a method to form an adhesive layer by allowing a resin to polymerization while dispersing colloidal 
silica in the resin and then to apply the synthesized resin and dry it, is also acceptatile. It is also possible to use colloidal 
silica after treating it with a silane coupler for improving adhesive property and dispersibity of colloidal silica and a resin. 
[0030] As examples for a resin whereto colloidal silica Is Introduced, acryl resin, acryl-silicon resin, epoxy-silicon resin, 

50 silicon-modified resin, urethane resin, epoxy resin, polyester resin, alkyd resin, etc. are given, however, silicon-modified 
resins including acryl-sillcon resin and epoxy-silicon resin, are the most suitable one in term of durability. 
[0031] As the colloidal silica, any silica sol, which is produced either by subjecting sodium silicate solution to cation 
exchange or by subjecting silicon alkoxide to hydrolysis, can be used. 

[0032] Whereas, for a purpose to prevent deterioration of a resin used for an adhesive layer by influence of a photo- 
55 catalyst and to improve its durability, a mixing of the resin with a photostabilizing agent and/or an ultraviolet absoibent 
or the like may provide a good effect. As usable photostabilizing agents, it is preferable to use hindered amine com- 
pounds, however, any other compounds can be used as well. Whereas, triazole compounds can be used as an ultravi- 
olet absorbent. The amount of the ultraviolet absorbent to be added to the resin is in a range of from 0.005 % by weight 
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to 10% by weight based on the weight of the resin, and more preferably from 0.01% by weight to 5% by weight. By treat- 
ing the surface of the adhesive layer with a silane-containing or titan-containing coupler, the binding condition between 
the adhesive layer and the photocatalyst layer may be improved. 

[0033] As a method to carry an adhesive layer on a substrate, a method to coat the substrate with a resin solution 

5 according to any of printing method, sheet molding method, spray blowing method, dipping and coating method, spin 
coating method, etc. and then to dry the ooated-substrate can be employed. The temperature for drying the coated-sub- 
strate is preferatily at 150 "C or less, though it differs depending on type of solvents and resins. When a thickness of an 
adhesive layer is 0.1 pm or more, it is possifc>le to prepare a photocatalyst-can-ying structure which can strongly bind a 
photocatalyst layer and a substrate and has high durability. Whereas, in case of a coating method, such as gravure 

10 method, which requires a process for drying and curing the adhesive layer in a short time, it is also allowat^le to add a 
curing agent, such as silicon compounds or the like, into the adhesive layer material from 0.1 to 10% by weight leased 
on the weight of the solid component of the adhesive layer material, depending upon hardening speed required. 
[0034] A metal oxide gel or a metal hydroxide gel presenting in a photocatalyst layer provides an effect to fix photo- 
catalyst powder and to strongly adhere it to an adhesive layer, and therefore, a photocatalyst-ceurying structure com- 

IS prising such metal oxide gel and/or metal hydroxide gel show excellent adhesbity, durability and weather resistance as 
shown in the examples of the embodiment for the presem invention. In addition, such metal oxide gel and metal hydrox- 
ide gel have porous structure and are adsotbate. and they have further an effect to enhance photocatalytic activity. A 
preferable range for the content of such metal oxide gel or metal tiydroxide gel in the photocatalyst layer is from 25 to 
95% by weight. When this content is less than 25% by weight, the binding with an adhesive layer may be insufficient. 

20 whereas photocatalytic activity may be insufficient when that content exceeds 95% by weight. 

[0035] Furthermore, the binding described above and the photocatalytic activity can be improved, when the spedfic 
surface area of the metal oxide gel or the metal hydroxide gel after drying at 150 "C is SO ir?/g or more, and more pref- 
erably 100 m^/g or nwre. 

[0036] As examples for a metal in the metal oxide gel and the metal hydroxide gel as described above, silicon, alu- 
25 minium, titanium, zirconium, magnesium, niobium, tantalum, tungsten, tin, etc. are given. 

[0037] The sticking property of a photocatalyst layer after dipping It into boiling water can be Improved by using a 
metal oxide gel or a metal hydroxide gel comprising 2 or more metals selected from a group consisting of silicon, alu- 
minium , titanium, zirconium and niobium. As examples for a combination of metal components showing boling water 
resistance, silicon-aluminium, silicon-titanium, silicon-zirconium, silicon-niobium, aluminium-titanium, aluminium-zirco- 
30 nlum, aluminium-niobium, aluminium-tantalum, titanium-zirconium, titanium-niobium, titanium-tantalum, silicon-alumln- 
ium-zlrconium and silicon-alumlnlum-titanium are given as preferable, and metal oxide gels and metal tiydroxide gels 
comprising metals, such as silicon-aluminium, silicon-titanium, silicon-zirconium, sllicon-titanlum-aluminlum and sill- 
con-alumlnlum-zirconlum are given as more preferatjle ones. 

[0038] If the specific surface area of these metal oxide gels or metal hydroxide gels is 50 m^/g or more, they provide 
35 high seeking property and improved photocatalytic activity to a photocatalyst layer, thereby allowing the photocatalyst- 
carrying structure to retain excellent binding property even after dipping it Into boiling water. In practical uses, both gels 
prepared by mixing a sol for forming a gel euid complex oxide gels prepared by coprecipHation method or the like may 
be used. For mixing with a photocatalyst, it is desirable either to uniformly mix a metal oxide or hydroxide in a state of 
sol before forming gel or to mix In a stage of a raw material before preparing a sol. 
40 [0039] As a method to prepare gels, a method to hydrdyze a metal salt, a method to decompose a metal salt by neu- 
tralization, a method to exchange ions, a method to hydrolyze a metal alkoxide, and the like can be given, however, any 
methods by which the gel is otjtained in a state that photocatalyst be un'rfbrmly dispersed in the gel. are allowable to 
use. Provided, as the sticking property and the photocatalytic activity of a photocatalyst may be affected if plenty of 
inpurltles are contained in the gel. it is preferat>le to use a gel containing less impurities. 
46 [0040] Further, by adding either of silicon-modified resin or a silane coupler into a photocatalyst layer from 10 to 50% 
by weight, It Is possible to obtain a photocatalyst layer which retains high photocatalytic activity and has an excellent 
binding property evaluated as more than 6 points according to the adhesive property test, cross-cut Scotch tape test 
provided in JIS-K5400 even after dipping it into boiling water for 15 minutes. 

[0041 ] The silicon-modified resin or a silane coupler to be added into a photocatalyst layer has an effect to improve 
so the adhesive property of the photocatalyst layer to a suk>strate in trailing water As the silicon-modified resin, commonly 
available resins, such as silicon-acryl resin and silicon-epoxy resin, either In a state of solution in a solvent or suspen- 
sion in water are usable. Whereas, as the silane coupler, a compound represented by general formulas, RSiOOs and 
(R)2Si(Y)2, wherein R is an organic functional group and Y is chlorine atom or alkoxy, and the like are usable. In the 
general formulas described above, methyl, ethyl, vinyl, y-glycidoxypropyl, y-methacryloxypropyl, Y-(2-amlnoethyl)amino- 
55 propyl, r-chloropropyl, Y-mercaptopropyl. y-aminopropyl. and r-acryloxypropyl. etc. are given as the examples for a sub- 
stituent represented t>y R, and in addition to chlorine atom, any of C^-Cs alkoxy, such as methocy, ethoxy, 
methoxyethoxy and p-ethoxyethoxy. are also usable as a substituent represented by Y. 

[0042] The amount of silicon-modified resin and a silane coupler to be added to a photocatalyst layer is preferably 
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from 1 0 to 50% by weight on the solid component tiasis. If the such amount less than 1 0% by weight binding property 
after allowing the layer to boiling water test will be reduced, whereas the added-amount exceeds 50% by weight. 
remarl<able decrease in photocatalytic activity may be caused. As the nrothod to add either the silicon-modified resin or 
the sllane coupler Into a photocatalyst layer, a method to add such resin into a photocatalyst in a state of either powder 
5 or sol and a method to add them into either a metal oxide sol or a metal hydroxide sol which are used for forming a metal 
oxide gel and added with a photocatalyst The addition of silicon-modified resin in emulsion to the sol descrit)ed above 
is particularly preferable, since it can improve binding property of a photocatalyst layer in boiling water with nearly no 
deacrease of photocatalytic activity. 

[0043] Also, an additive, such as a cross-linking agent, can be combined into the silicon-modified resin or the silane 
10 coupler. 

[0044] As the photocatalyst of the presertt invention, any type thereof, such as in powder form, sol and solution, can 
be usable if it can bind with an adhesive layer and show the photocatalytic activity, when it has been dried at a drying 
temperature tor the photocatalyst layer. When a photocatalyst in a sol state is used, it is preferable to use the one of 
which particle diameter is 20 nm or less, and more preferably 10 nm or less, because the transparency of a photocata- 
15 lytic layer may be improved and linear permeability thereof increases, and therefbre, it is especially preferable to use 
such photocatalyst for coating of glass substrates and plastic moldings, which are required to be transparent. Further- 
more, if color and/or patterns are applied on an underlying sut>strate. a transparem photocatalyst layer coated with such 
photocatalyst is advantageous because it does not give adverse influence to colors and/or patterns on the underlying 
substrates. 

20 [0045] As the photocatalyst to be used for the photocatalyst layer according to the present invention. TiOs. ZnO. 
SrTiOs, CdS. GaP. InP. GaAs, BaTiOj, KNbOg. FejOs, TagOs, WO3, SnOg, BisOa, NiO, CujO, SiC, SiOz, MoS^. InPb, 
RuOz, CeOz and the like, and mixtures of these photocatalysts with a metal or a metal oxide, such as Pt, Rh, Ru O2, 
Nb, Cu, Sn, Ni and Fe, can be used. In addition thereto, all mixtures prepared by adding a metal, such as R, Rh, RuOg, 
Nb. Cu, Sn. Ni and Fe, Into the photocatalyst by using photocatalyst reduction reaction, are also applicable in the 

25 present invention. The photocatalytic activity increases along with the increase of content of a photocatalyst in the pho- 
tocatalyst layer, howeveer, it is preferable to maintain the content to 75% by weight or less in view of maintaining suffi- 
cient binding property. 

[0046] The photocatalyst coating material according to the present invention is characterized in that the solution com- 
prises silicon compound 0.001 -5% by weight, a metal oxide sol and/or a metal hydroxide sol 0.1-30% by weight on the 
30 solid component basis and a photocatalyst powder and/or sol 0. 1 -30% by weight on the solid component basis. 

[0047] As the examples for the silicon compounds added to the photocatalyst coating material of the present inven- 
tion, alkoxy silane represented by a general formula (2). 

SiR3n5(OR'')4-n5 (2) 

35 

wherein R^ Is unsubstituted or substituted alkyi having 1 -8 cartxjn atoms with amino, chlorine atom or caboxyl. R* Is an 
alkyi having 1-8 cartoon atoms substituted with alkyI having 1 -8 cartxjn atoms or alkoxy, and ns is any of 0, 1 , 2 and 3, 
and the mixtures with one or more of those hydrolyzed products can be used. In the general formula (2), methyl, ethyl, 
vinyl, irg'ycidoxypropyl, y-methacryloxyprofyl, r-(2-aminoethyl)aminopropyl, y-chloropropyl, y-mercaptopropyl, 7-amino- 

40 propyl, racryloxypropyl and the like are given as the example for the substituent represented by R^, and Ci-Ca alkoxy, 
such as methoxy. ethoxy, n-propoxy, l-propoxy, n-butoxy. p-ethoxyethoxy and 2-ethylhexyloxy, are preferable as exam- 
ples for the suljstituent represented by -OR". As the exanple for the silicon compounds represented by the general for- 
mula (2). tetramethoxy silane, tetraethoxy silane. methyttrimethoxy silane, methyttriethoxy silane. arxJ mixtures 
consisting of one or more hydrolysis products of those compounds mentioned hereinatnve can be preferat}ly given. 

45 [0048] By adding a small anwum of the silicon compound described above into a coating soluiton for fbrnriing a pho- 
tocatalyst layer, stable coating material for forming a photocatalyst layer which results in a less increase of viscosity and 
particles sedimentation even presennng it for a long time can be obtained. As to the amount of the silicon compound to 
be added to the coating material fOr forming a photocatalyst layer, it is preferable to add it from 0.001 to 5% by weight 
on the solid component tiasis. When the such amount is less than 0.001% by weight, the stability of the coating material 

so for forming a photocatalyst layer becomes lowered when it is preserved for a long time, whereas a prominent decrease 
in photocatalytic acrtivity will be caused when such amount to add is more than S% by weight. As a method to add a 
Silicon compound into a coating material for forming a photocatalyst l^er, a method to add it into a solution of a photo- 
catalyst in the either form of powder or sol, a method to add it into sol of either a metal oxide or a metal hydroxide, which 
are added together with a photocatalyst, and the like can be employed. Altematively, partly-hydrolyzed silicon oom- 

55 pounds may t>e added into the coating material. As the silicon compound to be added into the coating material for form- 
ing a photocatalyst layer has an effect to increase the binding property of a photocatalyst in boiling water, it is possible 
to reduce an amount of the silicon compound to add when the silane coupler as described atxive or the like has been 
added into the coating material. 
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[0049] It is preferable to add a metal Cfxide sol and/or a metal hydroxide sol 0.1 -30% by weight and photocatalyst pow- 
der and/or sot 0. 1 -30% t>y weight on the solid component basis relative to the weight of the coating material for forming 
a photocatalyst layer, respectively, into the said coating soltion. 

[0050] If a ratio of amount of the metal oxide sol and/or the metal hydroxide sol to add is less than 0. 1 % by weight. 

5 property to bind a photocatalyst to a sutistrate will be insufficient, whereas if the such rate is more than 30% by weight, 
the amount of photocatalyst powder and/or sol added concurrently is obliged to be reduced, thereby photocatalytic 
activity will be lowered. Whereas, photocatalytic activity will be too low if a ratio of amount of the photocatalyst powder 
and/or sol to add is less than 0.1% by weight, and a photocatalyst layer will be easily exfoliated since the amount of a 
metal oxide sol and/or a metal hydroxide sol tor binding the layer to a substrate is obliged to be reduced if a ratio of 

10 amount of the photocatalyst povwder and/or sol to add is 30% by weight or mora 

[0051 ] The coating material for forming a photocatalyst layer according to the present invention is concurrently used 
with a coating material for forming an adhesive layer, with which an adhesive layer can be fornied in between a photo- 
catalyst layer and a substrate. As the coating material for forming an adhesive layer, a composition which contains from 
1 to 50% t>y weight on the solid components basis a silicon-modified resin containing 2-60% by weight of alicon. a resin 

15 containing 3-60% by weight of polysiloxane and a resin containing 5-40% by weight of colloidal silica can be used. 
[0052] As a resin suitable to be used for a coating composition for forming an adhesive layer, it is preferable to use 
the resins usable for an adhesive layer as described above, by alone or in a mixture with any other one of such resins. 
Such a coating composition is then preferable to be prepared either in solution of an organic solvent or in aqueous 
emulsion and the content of the resin as a solid element is preferably selected from 1 to 50% by weight. When a coating 

so composition wherein the concentration of solid content of such resin is 1 % or less, the adhesive layer is formed too thin 
and the binding of the photocatalyst layer will be difficult to make. Whereas, when a coating composition wherein the 
concentration of the solid content of such resin is 50% or more, the adhesive layer will be fbmned too thick and it will be 
difficult to properly make a coating film and handle such a coating composition because it will get too much viscous. 
[0053] When forming a photocatalyst layer on an adhesive layer, a suspension wherein a photocatalyst is dispersed 

ss in a sol of either a metal oxide or a metal hydroxide can be applied by coating according to a method which is the same 
as the one for forming an adhesive layer. Alternatively, a photocatalyst can be dispersed in a solution of a precurser of 
either a metal oxide sol or a metal hydroxide sol and is then prepared to a form of either sol or gel through a process of 
hydrolysis or neutralizing decomposition at the coating process. When the sol prepared as described above is used, a 
def locculant. such as an add and an alkali, may be added for improving stability of the sol. Also, it is possble to further 

30 improve the adhesive property and easiness in handling by adding a surfactant, silane coupler or the like into the sol 
5% by weight or less based on the weight of a photocatalyst. Drying temperature at the time that a photocatalyst layer 
Is formed is preferably from 50 to 200°C though it differs depending upon the difference in substrates and resin materi- 
als used for the adhesive layer. 

[0054] Though a thicker photocatalyst layer provides higher photocatalytic activity, there is no big difference in the 

35 activity if the thickness exceeds 5 \im. The photocatalyst layer of which thickness is 5 ^m or less is preferatile because 
it provides high photocatalytic activity and light transmitting property that makes the adhesive layer less conspicuous. 
However, though light transmitting property is improved in case that a thickness of the photocatalyst layer is less than 
0. 1 ^m. it is not expectable to obtain high photocatalytic activity since ultraviolet ray that can be utilized by a photocat- 
alyst is also penetrated through the photocatalyst layer. Whole light transmittance in total of a photocatalyst layer and 

40 an adhesive layer at a wave length of 550 nm will t)e 70% or more, if a thickness of the photocatalyst layer is set to a 
range of from 0.1 Mm to 5 ^m and a photocatalyst of which particles having a diameter of 40 nm or less and either a 
matal oxide gel or a metal hydroxide gel of which specific surface area is 100 m^/g or more are used. In case of a pho- 
tocatalyst-can-ying structure of which whole light transmittance at a wavelength of 550 nm is 70% or more, visible light 
penetrating through the structure can be used for illumination, whereas such structure will be useful from the omamen- 

45 tal view point as it does not spoil a design on a substrate if the sutjstrate of such structure is opaque. 

[0055] The substrate can be formed in any complex shapes, such as film-like, plate-shaped, tubular, fiber-like and 
reticular, and the adhesive layer and the photocatalyst layer can be provided to any of the such substrate to thereby 
form a desired photocatalyst-carrying structure. As to the size of the substrate, it can carry both the adhesive layer and 
the photocatalyst layer if it has a size of 10 Mm or more. Even an organic polymer which is not allowable to be heated 

so at the time of coating and a metal which is easily oxidized and corrosive by heating or with water are used for the mate- 
rials for the substrate, it is possible to prepare a structure whereto an adhesive layer and a photocatalyst layer are pro- 
vided, which may show both high photocatalytic activity and high durability. In order to improve the dose adherence 
between a substrate and an adhesive layer, a substrate of which surface is subjected to discharging process, primer 
process and the like can be used as well. 

55 [0056] As indicated In the examples described betow in this specification, the photocatalyst-carrying stmcture accord- 
ing to the present invention is useful for paints tor architectural use, wall papers, window glass, blinds, curtains, carpets, 
illumination appliances, lightings, black lights, paints for a ship bottom and fishing nets, faiers for water treatment. 
vinylchlorMe films for agricultural use. sheets for preventing growth of weeds, packaging materials, etc. In addition, the 
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photocatalyst-carrying structure can be made to a structure which is usable under a high temperature and highly humid 
condition. 

[0057] According to the present invention, it is possible to provide a structure carrying an adhesive layer and a pho- 
tocatalyst layer having high durable property being expressed as an evaluating point of 6 or more in an adhesive prop- 

5 erty test according to a method called cross-cut Scotch tape test provied in JIS K5400 even after exposing it to black 
light having an ultraviolet radiation intensity of 3 mW/ cm^ for 500 hours at 40°C and 90% R. H. Additionally, in an accel- 
erated weathering test by using Sunshine weather meter, a phtocatalyst-cairying structure abie to show such a excel- 
lent weathering resistance being expressed as an evaluating point of 6 or more in an adhesive property test fbr 500 
hours according to said cross-cut Scotch tape test provided in JIS K5400 has been ol>tained. Furthermore, a structure 

to which shows high resistance to boiling water such that the adhesive property of the structure evaluated by cross-cut 
Scotch tape test provided in JIS K5400 after dipping in trailing water having an electric conductivity of 200 (iS/cm at 
20<'C for 15 min. is expressed as an evaluating point of 6 or more. Since high photocatalytic activity Is observed in any 
samples of the structures, it is understood that the structure according to the present invention has satisfactory proper- 
ties with regard to various uses as desaibed above. 

IS [0058] When a substrate is made of glass, the glass can be formed in any complex shapes, such as plate-shaped, 
tubular, ballshaped and fiber-like, and is provided with said adhesive layer and said photocatalyst layer. As to the size, 
such glass can carry firmly if it is 10 tim or more in size. Moreover, depending upon Its usages for, such as window 
glass, show cases and glasses, it is also possible to apply such layers to the processed glass to thereby make a pho- 
tocatalyst-carrying glass according to the present invention. 

20 [0059] The photocatalyst-carrying glass according to the present invention can be used for various items which 
require antimicrobial, deodorant and antisoiling effect such as cameras and lens for glasses, as well as window glass, 
cover glass fbr instruments, illumination appliances, lightings, black light blue fluorescent lamps and fillers fbr water 
treatment 

[0060] A plastic molding carrying a photocatalyst according to the present invention can be used for various uses 
25 which require antimicrobial, deodorant and antisoiling effect, such as cameras and lens for glasses, as well as wall 
papers, board for interior decoration, furnishings, electric appliances, and parts for carriages. 
[0061] Regarding the shape of the plastic molding desaibed above, any complex shapes, such as film-like, plate- 
shaped, tubular, ball-shaped and f toer-like, can be used fbr manufeicturing a structure made of plastic molding provided 
with said adhesive layer and said photocatalyst layer. As to the size, such plastic moldings can carry such layers firmly 
30 if its size is 1 0 )im or more. Furthermore, depending upon the usages, such as for construction materials, electric appli- 
ances for home use and glasses, it is also possible to apply such layers to the plastic molding to thereby manufature a 
photocatalyst-carrying plastic molding according to the present invention, and therefore, it is understood that the struc- 
ture of the present invention has sut>5tantially a wide application range fbr use. 

[0062] Many kinds of cloth can be used for the sutistrate of the present invention; textiles, knit cloth, and nonwoven 
35 fabrics comprising single or mixed fibers consisting of natural fibers, such as wool, silk, cotton and hemp yarn, regen- 
erated fibers, such as rayon and acetate, synthetic fibers, such as nylon, acryl, polyamkJe, polyester, polyacrylniti-ile and 
polyvinyl chloride, and heat-resistant fibers, such as aramid fibers, are given as the examples. Also, as the sfructure of 
the present Invention, a cloth applied wHh a water repelent. such as silicon-containing water repelent, fluorine-contain- 
ing water repelent including perfluoroalkylacrytate. zirconium salt-containing water repelent and ethylene urea-contain- 
40 ing water repelent, a cloth treated witii both water repelent and a cross-linking agent, such as ethylene imine, epoxy and 
melamine compounds, for improving durabilKy, if appropriate, an imitation leather consisting of fibril-formed complex 
fiber of polyamide and polyester, and a syrrthetic leather wherein a polyurethane resin layer is formed on a substrate, 
such as textile, nonwoven fabric and knit cloth, via a binder made of polyurethane. Also, by applying such a water repe- 
lent and the like to clothes being processed to umtirellas, tents, bags, etc., the photocatalyst-carrying dothes according 
45 to the present invention can be obtained. 

[0063] The photocatalyst-carrying doth specified in the present invention is applicable for various uses which require 
antimicrobial, deodrant and soiling resistant effect, for exanple, interior decoration, such as curtains and wall papers, 
tents, umbrellas, daily necessities like table doth, food package materials and the like, and agricultural use, such as 
sheets fbr seedling beds. 

so [0064] For the photocatalyst-carrying metal according to the presem Invention, an alloy, such as stainless steel, brass, 
aluminium alloy and titan alloy, can be used as a substrate as well as single-element metals, such as aluminium, iron 
and copper. Additionally, in case that it is allowable from the configuration arxl quality point of view of a metal to use, it 
is also possible to carry both an adhesive layer and a photocatalyst layer according to the present invention onto the 
substrate, such as a metal sheet and plate painted with normal colorings, and a colored steel plate or aluminium plate. 

55 In this case, it is further preferable that, if the light transmittance of both adhesive layer and photocatalyst layer is suffi- 
cientiy high and transparent, such layers do not give bad influence to the color on the underlying sutistrate. 
[00651 As to the configuration of the metal, there is no difficulty to make the configuration of the metal into any complex 
shape, such as plate-shaped, tubular, ball-shaped, fiber-like and sheet-shaped, to can-y such adhesive layer and pho- 
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tocatalyst layer thereon. And. the metal can carry such layers finnly if the size thereof is 10 tim or larger. Furthermore, 
depending upon the usages, tor exarrpte. for window flames, show cases and flames for glasses, all of which have been 
processed, the photocatalyst-can-ying metal according to the present invention can be manufactured by applying such 
layers to the metals having been processed. 

s [0066] The photocatalyst-carrying metal according to the present Invention can be used tor various uses which require 
antimicrobial, deodrant and soiling resistant effect, tor example, strainers, filters and the like as well as window flames, 
furnishings, accessories and decoration, panels for interior and exterior decoration, fillers for water treatment, etc. 
[0067] As to the configuration of timbers and woody nwrterials whereto the adhesive layer and the photocatalyst layer 
according to the present invention are provided, any complex configuration, such as plate-like, tubular, ball-shaped and 

10 sh eet-like, can be employed. Such timbers or woody materials can sufficiently can'y such layers thereon if their size are 
10 )im or larger, and it is allowable to manufacture a photocatalyst-carrying timber or woody material according to the 
present invention by applying such layers onto the such timber and woody material, such as walls, ceiling boards, col- 
umns, furnishings and woodworks, which have been processed beforehand. 

[0068] The timber and woody material carrying a photocatalyst according to the present invention can be applied for 
IS various uses which require antimicrobial, deodrant and soiling resistant effect, tor example, tor construction materials, 
furnishings, woodworks, and materials tor interior decoratton. 

[0069] By taking advantageous properties, such as soiling resistant, antimicrobial and deodorant function, a plastic 
film provided with the photocatalyst-carrying structure according to the present invention can be made as films of which 
face, whereto a photocatalyst is not can-ied, is applied with an adhesive, and such films can be applied to the inner face 

so of window glass of a structure, such as cars and various transportation means, buildings, freezing and cooling show 
cases and greenhouses, thereby with such glass allowing to provide highly-transmissiUe glass which expedites decom- 
position of trace harmful substance existing in the inner space and has soiling resistant effect on a glass surfoce and 
preventive effect to glass spattering at its destruction. When the photocatalyst-can'ying structure according to the 
present invention Is prepared by using a thin plastic film as a sutjstrate, it can be used as a wrap film for food package 

25 use. As a resin applicable for such plastic films, a resin, such as polyethylene-telephthalate resin, polycarbonate resin, 
polyacrylate ester resin, polymethylmethacrylate resin, polyettiylene resin, polypropylene resin, polyamide resin, poly- 
imide resin, polystyrene resin, poly(vinyl chloride) resin. poly(vinylidene fluoride) resin, ethylene fluoride-propylene 
copolymer resin and ethylene fhjoride-ethylene copolymer resin, which can be molded into a highly transntissive syn- 
thetic resin film or sheet of which linear light transmittance at a wavelength of 550 nm is 50% or more can be used. Fur- 
so thermore, since ttie photocatalyst-carrying stiructure according to the present invention is transparent, it does not give 
bad influence on design and patterns printed on the surbce of the underlying wall papers and decoration sheets so tiiat 
the photocatalyst layer can be applied advantageously onto the surface of an opaque material, such as wall papers and 
decoration sheets, provided with an adhesive layer and a detachable film layer on its background. 
[0070] In these synthetic resin films or sheets described above, it is possible to Improve the adhesive property of tiie 

3S adhesive layer in the photocatalyst-carrying stiructure by treating the surfeice of such films and the sheets, of which sur- 
face whereto an adhesive layer is applied, are physically subjected to trace amount oxidization by corona discharge 
treatinent and UV-ozone ti'eatment and tiie ones of which contact with an adhesive layer are improved by slight appli- 
cation of a surface treating agent, such as silicon-containing compounds, can be used advantageously. In addition, as 
shown in tiie examples for the emtxxliment of the present invention, it is also possible to fix a thin film on the surface or 

40 the background of such materials for providing reflecting and shading function against thermic rays and ultraviolet ray, 
thereby thermic rays reflecting films and ultraviolet ray interrupting films concurrently having soiling resistant, antimicro- 
bial and deodorant function become obtainable. It is understood that tiie photocatalyst-can-ying sti-ucture according to 
the present invention has both excellently high durability and photocatalytic acti\^ty, and therefore, it couW be exceed- 
ingly useful and valuable product. 

4S [0071] As a method to provide the thermic rays reflecting function described atx>ve, various methods, such as a 
method to form a film onto a film surface with an electi-oconductive metol, such as Al. Ag, Cu, Cr. Ni, Ti, stainless and 
aluminium alloy, or an electroconductive metal oxide, such as indium oxide, tin oxide and tin oxide-indium oxide com- 
pound, according to a physical means, such as sputtering and vacuum evaporation, a method to form a film onto a film 
surface by means of applying and tiien drying an electroconductive metal oxide soluiton or sol onto the film surface or 

50 employing either plating method or CVD method and a method to admix a material having thermic rays reflecting prop- 
erty and/or thermic rays interrupting property into the substrate, can be employed. Yet, as a method to provide ultravi- 
olet ray interrupting fonction, various methods, such as a method to torm a film onto a film surfoce by applying an 
ultraviolet ray at>sorbent. such as hindered amine-containing compounds and titanium oxide, and an uttravfolet ray 
reflecting agent and a method to admix an uKraviolet ray absorbent into a film sidDstrate beforehand, are allowed to 

55 employ and is selectable depending upon its use purpose and chemical s&ructures. When titanium dioxide is used as 
ultravtolet ray blocker or ultraviolet ray reflecting agent, it is preferable to use the one which has lost Hs photocatalytic 
activity due to sligfit coating of the surface of titatium (fiaodde with solut)le glass or the like, because surrourxling organic 
materials are decomposed due to photocatalytic action if titanium dioxide is existing alone, as explained in detail in the 
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present invention. 

[0072] Materials having thermic rays reflecting function and ultraviolet ray blocking function can be incorporated into 
a sticker layer which is formed on the background of a film to provide such functions. For example, a material like ultra- 
violet blocking dear coating agent described in "Convertec", March 1996, page 95, is solvent-dispersible type and is 

5 applicable for the atxjve purpose. Stickers, such as acryl-type and silioon-oorrtaining conpounds are normally used, 
however, it is also feasible to add various types of ultraviolet ray blocking agents and thermic rays blocking agents. Con- 
sidering spoil caused with the remainning sticker at the time of renewal the photocatalyst carrying film, it is advisable to 
avoid the use of a sticker having strong binding property. As a method to provide a sticker and a detachable film onto a 
photocalalyst-carrying film, a method to f irstJy coat a sticker in solution to the reverse side of the film by means of gra- 

10 vure printing and then dry and roll the coated-film together with detachat)le polypropylene film while laminating it there- 
with is simple and may be preferably employed. 

Brief Description of Drawings 

75 [0073] 

Fig. 1 is a chart for the cross section of the photocatalyst-carrying structure according to the present invention. 
Best Mode for CanTing Out the Invention 

20 

[0074] The present invention is definitely explained with refen'Ing the examples described below, however, the present 
invention should not be limited to the scope described in such examples. 

(Evaluation Method > 

25 

1) Evaluation of Photocatalytic Activity 

[0075] A sairple carrying a photocatalyst with a dimension of 70 mm x 70 mm is placed in a 4-liters Pyrex glass con- 
tainer. A mixed gas consisting of air and acetaldehyde was introduced in this container and the concentration of the 
30 acetaldehyde was set to 500 ppm. The sample was exposed to black light (Type: FL 15BL-B; Manufactured by Matsu- 
shita Electric Industry Co.. Ltd.) wHh an ultraviolet ray intensity of 2 mW/cm^ for 2 hours. Then, a concentration of 
acetaldehyde gas in the container was determined by using gas chromatography, and photocatalytic activity was deter- 
mined based on the decreased amount of the concentration. Criterion for the evaluation was provided as follows. 



Acetaldehyde Gas Con- 
centration after 2 Hours 


Evaluated Rank 


<50ppm 


A 


50 - 200 ppm 


B 


200 - 300 ppm 


C 


300 - 450 ppm 


D 


450 ppm < 


E 



2) Evaluation of Adhesive Property 

so [0076] Evaluation of adhesive property was carried out according to cross-cut Scotch tape test which is provided In 
JIS K 5400. A distance between cross-cut lines set to 2 mm, and the number of squares is fixed to 25. 
[0077] Evaluated point was accorded to a criterion described in JIS K 5400. 

3) Dipping Test into Boiling Water 

55 

[0078] Tap water with an electric conductivity ranging from 170 to 230 tiS/cm was placed into a 1000 ml Pyrex glass 
beaker together with small amount of zeolite, the sample cut into a size of 70 mm x 70 mm was hanged into boiling 
water by using a normal dip to let the whole sample sink into water after heati'ng and boiling water. After IS min. dipping 
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in boiling water, the sample was allowed to cooling and drying at a room temperature for 4 hours, then the adhesive 
property test descrbed in the paragraph 2) was conducted to obtain evaluated-points according to the criterion 
desaibedinJISK5400. 

5 4) Whole Light Transmittance 

[0079] Whole ligt transmittance at a wavelength of 550 nm of the sample carrying an adhesive layer and a photocat- 
alyst layer was measured by using an automatically-recording spectrophotometer (Type: U-4000, Manufactured by 
IHitachl Seisakusho) with referring a siijstrate which has not yet carried an adhesive layer and a photocatalyst layer. 

10 

5) Evaluation of Durability 

[0080] The carrying sample was allowed to radiation of black light with an ultraviolet ray intensity of 3 mW/cm^ for 500 
hours in a chamber maintained at 4000 and 90% R. H., then the adhesive property test desaibed in the paragraph 2) 
IS was conducted to obtain evaluated-points according to the criterion desaibed in JIS K 5400. 

6) Accelerated Weathering Test by Using Sunsfvne Carbon Arc Weather Meter 

[0081] Accelerated weathering test by using sunshine caitx>n arc weather meter provided in JIS K 5400 was con- 
20 ducted by using the same meter (Type: WEL-SUN-HCH; Manufactured by Suga Shikenid Co.. Ltd.) at a condition, 
namely, test duration of 500 hours, black panel temperature of 63 "C. 1 20 min. cycle and 1 8 min. rainfall. 3 pieces of the 
samples were allowed to the accelerated weathering test then the samples were visually evaluated in terms of swelling, 
cracking, peeling off, whitening and surface change in comparison with the original test pieces which are before sub- 
jecting it to the accelerated weathering test according to the following criterion. 



Evaluated-rank 


Criterion for Evaluation 


A 


All of 3 samples showed no change. 




B 


1 or 2 samples showed slight change. 




C 


All of 3 samples shewed slight change, or 1 or 2 sample 


B showed apparently great change. 



35 [0082] After conducting this test, the adhesive property test as described in the paragraph 2) was then conducted to 
obtain evaluated-points according to a criterion described in JIS K 5400. 

7) Test Method for Antirrucrobial Property 

40 [0083] The sample cut into a piece w'rth a dimension of 5 x 5 cm is disinfected with 80% ethanol and then dried at 1 50 
'C and 0.2 ml of a bacterial suspension of colon bacillus, which was cultivated and diluted beforehand, to a concentra- 
tion of 10^/ml was fed dropwise to the surface of the sample and placed in an Incubator For each radiation condition, 4 
samples were provided for the test, respectively, namely. 4 samples for black light radiation (15W x 2 lamps, distance 
between a light source and the sample is 10 cm). 4 samples for fiourescent lamp raJlation (15W x 2 lamps, distance 

45 between a light source and the sample is 1 0 cm), and an other 4 samples for no light radiation were provided. After pre- 
determined time lapsed (after 1, 2, 3 and 4 hours), the samples were taken out and the bacterial solution attached to 
the samples was wiped off by using disinfected gauze rinsed in sterilized physiological saline solution. The sterilized 
gauze used was put into 10 ml sterilized physiological saline and throughly sfirred. The supernatant of the bacterial 
solution obtained was inoculated to an agar medium prepared in a petri dish having a diameter of 95 mm which is ster- 

so illzed by using an autoclave. Then, number of the colonies of colon t»cillus cultivated at 36°C for 24 hours was counted. 
Another sample obtained according to the same prodedure from dropping of the bacterial solution through placing into 
an Incutjator was treated according to the same method as described above, and the number of colonies of colon bacil- 
lus was counted. Based on the counted-number, the survival rate of the tacteria after each predetermined time was 
calculated for each group exposed to no light, black light and f tourescent lamp, respectively. The evaluation criterion 

55 accorded to the follcwing. 
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Survival Rate (%) of C<on 
Bacillus after 4 Hours 


Evaluated-rank 


<20% 


A 


20 - 40% 


B 


40 - 60% 


C 


60-80% 


D 


80%< 


E 



IS 8) Evaluation of Soiling Resistant Property (Decomposition Activity of F^t and Oil) 

[0084] As an index to evaluate soiling resistant function of tfie sample, a decomposed amount of comnwn salad oil 
mainly composed of linoleic acid on a pfiotocatalyst-carrying structure was quatitatively determined in order to know 
flow fast can fat and oil attached on tfie surface be decomposed. To the surlace of a pfiotocatalyst-canying structure 
cut into pieces witfi a dimension of 5 x 5 cm. salad oil was applied sligfitly at a dose of 0.1-0.15 mg/cm^ by using a 

20 paper. TTie quantity applied was calculated from tfie difference of tfie weight of the structure before and after an appli- 
cation of oil that were measured by using an acurate balance. As an index of soiling resistant property, decomposed 
amounts of salad oil after predetermined time were determined by adjusting the distance between the sample and black 
light to take a point where an ultraviolet ray intensity on a surtace of the sample becomes 3 mW/ cm^ and calculating 
the relationship between lapsing time and weight decrease amount after lighting black light. 



Remaining rate (%) of 
Salad Oil after 24 Hours 
Light Irradiation 


Evaluated-rank 


<10% 


A 


30-10% 


B 


50 - 30% 


C 


80 - 50% 


D 


80%< 


E 



40 


(Examples) 






[0085] 


As a material for a substrate th 


3 following were used. 




(TA) 


Primer-treated polyester film 






(TB) 


Vinyl chloride film 






(TO 


Soda lime glass plate 






(TD) 


Metal aluminium plate 






(TE) 


High-density polyethylene mest 


1 






(Thickness of fiber: 0.2 nnm. Me 


sh size: 0.6 mm) 


SO 


(TF) 


Polypropylene tube 








(Inner diameter: 30 mm. Outer 


diameter: 36 nun) 




[0066] 


As polysiloxane contained in ar 


adhesive layer, the followings were 



55 (PS-1) Silicon tetramethoxMe monomer (Manufactured by Shinetsu Chemical Industry Co., Ltd.) 
(PS-2) Polymethoxy siloxane (Manufactured by Colcoat Co., Ltd., Trade Name: Methyl silicate 51) 
(PS-3) Polyethoxy siloxane (l^nutactured by Colcoat Co.. Lid., Trade Name: Ethyl silicate 40) 
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[0087] As colloidal silica contained in an adhesive layer, the followings were used. 

(KS-1) Trade Name: Cataloid 81-350 (Manufoctured by Shokubai Kagaku Ca. Ltd.. Particle diameter: 7-9 nm) 
(KS-2) Trade Name: Snowtex ST-XS (Manufectured by Nissan Chemical Industries Co., Ltd., Particle diameter: 4- 
5 6nm) 

[0088] As a resin solution whereto polysiloxane or colloidal silica is introduced, the followings were used. 

(J-1) 3% by weight of silicon containing acryl-silicon resin solution in xylene 
TO (J-2) 10% by weight of silicon containing acryl-silicon resin solution In xylene 

(J-3) 20% by weight of silicon containing acryl-silicon resin emulsion in water 

(J-4) 50% by weight of silicon containing acryl-silicon resin emulsion in water 

(J-5} 10% by weight of silicon containing polyester-silicon resin solution in xylene 

(J-6) Acryl resin solution in xylene 
IS (J-7) Polyester resin solution in xylene 

(J-8) 3% by weight of silicon containing epoxy-silicon resin solution in methylethylketone 

[0089] Either polysiloxane or colloidal silica was mixed with a resin solution, and the mixture obtained was diluted to 
a certain concentration to theret}y prepare a solution to be used for forming an adhesive layer The adhesive layer was 

20 formed by employing dipping method when a thickness of the layer is 2 )im or less and the configuration thereof is other 
than plate-like, whereas it is formed by using baker applicator when the thickness is 2 |im or more and the corrf igurertion 
thereof is plate-like. In particular, the adhesive layer is formed according to dipping method when the configuration of 
the sufc>strate is tubular or reticular. Drying process for the adhesive layer was taken place at 80 *'C when the material 
of the substrate is (TE) or (TF). and at 60°C when the material is (TB). and at 120°C in all other cases. 

es [0090] For the photocatalyst, the following materials were used. 

(C-1) Fine powder of titanium dioxide (Manutactured by Nihon Aerozil Co., Ltd., Trade Name: P-25. diameter of 
crystallHe size: 27 nm) 

(C-2) Titanium dioxide sol (sol acidified with nitric add, diameter of crystallite size: 10 nm) 
30 (C-3) Titanium dioxide sol (weak alkaline sol of pH 9.0, diameter of crystallite size: 20 nm) 

[0091] A metal oxide sol or a metal hydroxide sol can-led together with a photocatalyst was obtained by drying any of 
the following materials in sol. 

35 (Z-1) Silica sol: Manufecturad by Shokubai Kasei Co., Ltd.. Trade Name: Cataloid SI-30, specific surfece area after 

drying at 150 °C: 180 m^/g 

(Z-2) Alumina sol: Manufactured by Nissan Chemical Industries Co., Ltd., Trade Name: Alumina Sol-200, specific 
surface area after drying at 150 *C : 400 m^/g 

(Z-3) ZIrconia sol: This is obtainable by allowing zirconium tetrabutoxide (TBZR; Manufactured by Nippon Soda 
40 Co., Ltd.,) to hydrolyzation in ethanol, drying at ISCC, then heating at 300-500 "C, and further allowing to defloc- 
culation with a diluted aqueous solution of nitric acid. Specific surface area of further dried product at 150 "C of the 
def locculated-sol is in a range of from 50 to 80 m^/g. 

(Z-4) Niobium oxide sol: This is obtainable by allowing aqueous solution of niobium oxalate manufactured by 
CBMM Co.. Ltd. to neutrlzatlon with 10% aqueous ammonia, drying at ISO^C. and then allowing to deflocculation 
4S with a diluted aqueous solution of nitric acid. Specific surface area of further dried product at 150°C of the def loc- 
culated-sol is 60 m^/g. 

(Z-5) 20% by weight of silicon containing acryl-silicon resin emulsion in water 

(Z-6) Si lane coupler, tri(p-methoxyethoxy)vinyl silane (Trade Name: A-1 72), manufactured by Nippon Uniker Co., 
Ltd. 

so 

[0092] A solution used for forming a photocatalyst layer was prepared by dispersing titanium dioxide Into the solution 
obtained as described al30ve and adding a predetermined amount of a surfactant. The photocatalyst layer was formed 
by dipping method when the thickness of the layer is 2 |im or less and/or the configuration of a sUtistrate is the one other 
than plate-like, whereas the photocatalyst layer was formed by using t>ar coater when the sii>strate is plate and its thick- 
55 ness is 2 (im or more. Drying process for the photocatalyst layer was taken place at the same temperature as for drying 
the adhesive layer. 

[0093] Hereunder, compositions disclosed in the examples for the emtxxiiment of the present invention and refererxse 
examples, wherein type, quantity and/or thickness of materials, and/or method for forming fflms are different and per- 
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formances of the photocatalyst-carrying structure are described in Tat>les 1 through 4. 

[0094] In the examples 1 through 18 and the reference examples 1 through 4, titanium dioxide (P-25) manufactured 
by Nihon Aerozil Co., Ltd., which is represented at (C-1), was used as a photocatalyst. The result Is shown in Table 1. 
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[0095] In reference example 1 , a structure carrying a photocatalyst layer wittiout providing an adhesive layer is given. 
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In this case, the phtocatalyst layer has no sticking property and is easily defoliated. Furthernoore, after durability test, 
the surface of polyester film deteriorated due to a photocatalytic effect, and holes and cracks were observed on the film. 
[0096] In examples 1 and 2, a structure wherein either acryl-silicon resin or polyester-silicon resin is used as an adhe- 
sive layer is given. In this case, the addhesive property of a photocatalyst layer and durability of the structure was found 
5 to be excellent. 

[0097] In examples 3 through 1 2. a structure wherein a resin containing polysiloxane is used as the adhesive layer is 
given. In this case, adhesive property and durability was improved. As well as the resin corrtaining poysiloxane, acryl- 
silicon resin (see examples 3, 4 and 5) and polyester-silicon resin (see example 9) had also acquired good durability. 
Further, the resin containing polysiloxane was found to be replaceable wHh either acryl resin (see example 7) or poly- 
10 ester resin (example 12). both of which provided excellent property to the structura 

[0098] Contrary, as shown in reference example 2, even though using acryl-silicon resin containing polysiloxane for 
the adhesive layer, a photocatalyst layer lost its adhesive property and was defoliated from the adhesive Isyer when the 
content of polysiloxane in the adhesive layer is increased up to 70% by weight. 

[0099] In examples 13 through 18, a structure wherein a resin containing colloidal silica was used as the adhesive 
15 layer is given. In these cases, all of photocatalytic activity, adhesive property and durability were found to be excellent. 
In particular, when acryl-silicon resin and colloidal silica in fine particle size (KS-2) were used (examples 15 and 16). 
the resulting adhesive layer was found to be very good. 

[0100] Contrary, when increasing the content of colloidal silica in the adhesive layer up to 50% by weight, both adhe- 
sive property and durability were become worse radically. 

20 [0101] In examples 1 through 18, titanium dioxide (P-25) manufactured by Nihon Aerozil Co., Ltd. represented by (C- 
1) was used as a photocatalyst, and silica sol was used in most cases as a metal codde sol or a metal hydroxide sol to 
be compounded to the photocatalyst layer, and the structures in all examples are provided with excellent properties. In 
examples 8 and 9, the structures wherein both layers are carried on a substrate made of polyethylene mesh or polypro- 
pylene tube were disclosed, and It is demonstrated that these structures show excellent photocatalytic activity, adhesive 

25 property and durability. It is also found that such excellent property was still noticeat)le even decreasing the content of 
silica sol in the photocatalyst layer down to 30% by weight (see example 6), however, both adhesive property and dura- 
bility ratfically deteriorated when reducing the content down to 20% by weight (see example 4). 
[0102] In exEunple 1 1 , a structure wherein alumina sol was used Instead of silica sol is given, and this structure Is also 
found as excellent in the property as well as using silica sol. 

30 [0103] In example 17, a structure wherein a thickness of an adhesive layer and a photocatalyst layer was set to 0.5 
and 0. 1 ^m, respectively. In this case, both adhesive property and durability were excellent, and photocatalytic 
activity was fbund to be very high even the thickness of the photocatalyst layer was very thin. 
[0104] Data obtained in examples 19 through 23 are shown in Table 2. 
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Example 19 Use of Titania Sol 

[0105] A coating material to be used for forming a photocatalyst layer was prepared by adding and dispersing titania 
sol containing 12% by weight of titanium dioxide and acidified with nitric acid, which is a substitute of fine granule tita- 

5 nium dioxide (P-25) manufactred by Nihon Aerozil Co., Ltd.. into silica gel (Trade name: Cataloid SI-30. Manufactured 
by Shokubai Kasei Co., Ltd.) being adjusted to pH 1.5 and then further adding a surfactant. Whereas, a solution to be 
used for an adhesive layer was prepared by adding polymethoxy siloxane (PS-2) into a resin solution used in the exam- 
ple 10 at a rate such that the content of silicon oxide in a dried adhesive layer becomes 35% by weight. 
[0106] The solution for fonning an adhesive layer was applied by using a baker applicator onto a soda lime glass sub- 

10 strate with a thickness of 1 mm and a dimension of 7 cm x 7 cm, and the coating nnaterial tor forming a photocatalyst 
layer was also applied by using bar ooater onto the same substrate. Drying temperature was set to the same employed 
in the examples described above. 

[0107] The photocatalyst-carrying structure obtained was found to have very high whole light transmittance. 

;5 Example 20 Use of Silica-alumina Sol 

[01 08] A photocalyst-carrying structure was prepared by using the same materials and according to the same method 
as described in the example 19 except replacing silica sol used in the example 19 with a mixed sol solution consisting 
of alumina sol manufactured by Nissan Chemical Industries Co., Ltd. and silica sol. 
20 [0109] The photocatalyst-carrying structure obtained was found to have high adhesive property and photocatalytic 
acGvily. 

Example 21 Coating according to Gravure Printing Method 

25 [01 1 0] By using gravure printing system, the solution for forming an adhesive layer and the solution for forming a pho- 
tocatalyst layer were applied onto a polyester film (Trade name: Cosmoshine A4100) manufactured by Toyobo Co., Ltd. 
at a speed of 10 m/min, and at dry zone temperature of 130°C such that the thickness of each layers become 3 ^m, 
respectively. For the printing, a microgravure coater with a width of 70 cm manufactured t>y Vteui Seil« Co., Ltd. was 
used. 

30 [01 1 1 ] The photocatalyst-carrying structure obtained was found to have very high whole light transmittance of 9S%. 

Example 22 Coating according to Spraying Method 

[01 12] The solution for forming an adhesive layer and the solution for forming a photocatalyst layer used in the exam- 
35 pie 9 were sprayed onto a substrate made of soda lime glass by using a spray gun (Type: WIDER 88, Manutactured by 
Iwata Tosoki Kogyo K.K.). Both solutions for forming adhesive layer and tor photocatalyst layer were dried at 120 "C for 

30 minutes. 

[01 1 3] The photocatalyst-can'ying structure obtained was fbund to have good adhesive property and photocatalytic 

activity. 

40 

Example 23 Use of Epoxy-silicon Resin 

[01 14] A photocatalyst-carrying structure was prepared by using the same materials and emptoying the same method 
as described in the example 12 except replacing the polyester resin solution in xylene with methy ethyl ketone solution 
4S of epoxy resin containing 3% by weight of silicon. 

[01 15] The photocatalyst-can-ying structure obtained was found to have good adhesive property and photocatalytic 
activity. 

[0116] The compositions and the results of performance tests on the photocatalyst-carrying structures are presented 
in Table 3. 

so 
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Examples 24 -25 

[0117] In examples 24 and 25, a structure, wherein acryl-silicon resin is used for forming an adhesive layer, and a 
mixture prepared and composed with 50% by weight of fine granule titanium dioxide P-25 (C-1). 25% by weight of silica 
5 sol represented at (Z-1) and 25% by weight of alumina sol represented at (Z-2) are used for forming a photocatalyst 
layer, is disclosed. The structures disdosed in these exanples were found to have good adhesive property as well as 
good durability and resistant property under accelerated weathering condition. 

Examples 26-31 

[01 1 8] In examples 26 through 3 1 . a structure, wherein a resin containing polysiloxane was used for forming an adhe- 
sive layer, and for forming a photocatalyst layer, fine granule titanium dioxide (C-1) was used in examples 26 through 
28 while titania sol (C-2) was used in examples 29 through 31 , and the type and the quantity of a sol for forming a com- 
poundable gel were changed, is disclosed. The structures prepared in these examples were found to have good pho- 
ts tocatalytic activity as well as good adhesive property, durability and resistant property against accelerated weathering 
tests following to receiving boiling water test. TTie resins introduced with polysiloxane, such as acryl-silicon resin (exam- 
ples 26, 27 and 28) and epoxy-silicon resin (examples 29 and 30). were found to have good adhesive property, durabil- 
ity and resistance against accelerated weathering. Also, acryl resin introduced with polysiloxane (example 31) was 
found to have good properties. 

so 

Examples 32 -35 

[0119] In examples 32 and 33, a structure, wherein either polyethylen mesh or polypropylene tube was used as the 
substrate was presented, however, the photocatalyst-can-ying structure having good photocatalytic activity, adhesive 

ss property and durability was not obtained. 

[0120] In examples 32 through 35, structures, wherein a resin containing colloidal silica was used for forming an adhe- 
sive layer, are disclosed, and photocatalytic activity, adhesive property, durability and resistance against accelerated 
weathering of such structures were found to be excellent. In particular, when the structure is prepared with colloidal sil- 
ica in fine partidas (KS-2) and the colloidal silica is introduced into acryl-silicon resin emulsion (see examples 34 and 

30 35), this type of structure was found to have very good properties. 

[0121 ] In example 29, a structure, wherein a photocatalyst layer was formed with a coat'ng material prepared by dis- 
persing titania sol containing 12% by weight of titanium dioxide, silica gel (Trade name: Cataloid St-30, manufactured 
by Shokubal Hasei Co.. Ltd.) and alumina sol-200 manufactured by Nissan Chemical Industries Co., Ltd., adjusting the 
pH of the resulting mixture to 1.5 and adding a predetermined amount of a surfactant to the mixture, and the thickness 

35 of an adhesive layer and a photocatalyst layer was made to 0. 5 ^m and 0.3 pm by dipping method, respectively, is dis- 
closed. The structure provided with the layers as described above was found to have good adhesive property and dura- 
bility as well as high photocatalytic activity, nonethless of the thin thickness of the photocatalyst layer. 
[01 22] A structure with excellent physical property was also obtained even if contents in total of silica gel and alumina 
sol in a photocatalyst were reduced down to 30% by weight (see example 30). 

40 [01 23] Photocatalytic activity was detennined again on the samples, which were prepared in the examples 24 through 
35 and were allowed to a durability test under black ligfit at a high temperature arxl high humidity, dipping test in txiiling 
water and accelerated weathering test by using Sunshine cartxm arc weather meter, according to the same method as 
described above, namely based on the decomposed amount of acetaldehyde by light. As a result, it is found that all 
samples showed equivalent decomposing activity to the initial decomposed-amount of acetaldehyde. and it is found that 

45 the samples have fully kept their intial photocatalytic activity. 

[01 24] The compositions and performance test results on the photocatalyst-carrying structures disclosed in the exam- 
ples 36 through 53 are presented In Tables 4 and 5. 
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* 1 : X by weight as SiOi in a dried adhesive layer. 

* Z : X by weight of titanium dioxide and either a metal oxide gel or a metal hydroxide 

gel in total in a dried photocatalyst layer. 
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* 3 : Since cross-cut Scolch tape test cannot t)e employed, the observation was made on the surface of the sticking tape side 
tjy using binocular. As a result, a photocatalyst layer has not been sticked. 

* 4 : TTie determination of the light transmittance could not be made due to its abmormal configuration. 

* 5 : The determination of the light transmittance could not be made because of an opaque canier. 



[0125] In reference example 5, a structure, wherein a photocatalyst layer is carried but no adhesive layer is carried 
thereon, is disclosed. In this case, the photocatalyst layer has no adhesive property and is easily del loiated from the 
substrate, and it is obserbed that the surface of polyester film after receiving a durability test was deteriorated due to 
photocatalytic action, and the presence of holes and cracks were observed on the film through a binocular. 
[0126] In examples 36 and 37, a structure, wherein acryl-silicon resin was used for forming an adhesive layer and a 
complex prepared and composed with 40-50% by weight of fine granule titanium dioxide P-25 manufactured by Nihon 
Aerozil Co.. Ltd., 40% by weight of silica sol represented at (Z-1) and 10-20% by weight of acryl-silioon resin emulsion 
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was used for forming a photocatelyst layer, is disclosed. The structures disclosed in these examples were found to have 
good adhesive property after receiving tailing test as well as good durability and resistance against accelerated weath- 
ering. 

[01 27] In examples 38 through 42, a structure, wherein acryl-silicon resin containing polysiloxane was used for form- 
5 ing an adhesive layer and the same photocatalyst powder as the one used in the example 36 was used for forming a 
photocatalyst layer, and type and content of a sol for forming compoundatjie gel were changed, is disclosed. The struc- 
tures prepared in these examples were found to have good photocatalytic activity as well as good adhesive property, 
dural)ility and resistance against accelerated weathering after receiving boiling water test In both cases that the resin 
whereto polysiloxane was introduced was acryl-silicon resin containing 3% by weight of silicon (examples 38 and 39) 
10 or acryl-silicon resin containing 1 0% by weight of silicon (examples 40. 41 and 42) , the adhesive property, durability and 
resistance against accelerated weathering of the structures were found to be excellent. 

[0128] In examples 44 and 45, a structure, wherein an adhesive layer and a photocatalyst layer were earned on either 
polyethylene mesh or polyprof^ene tube, is disclosed, and the structures prepared in these examples were found to 
have good photocatalytic activity, adhesive property and durability. 
IS [0129] Such good physical properties were also observed for the stmctures wherein the resin whereto polysiloxane 
was introduced is any of epoxy-silicon resin (examples 43 and 46), polyester resin (example 44) and acryl resin (exam- 
ple 47). 

[01 30] However, as shown in reference example 6, a photocatalyst layer lost its adhesive property and was defoliated, 
when the content of polysiloxane in an adhesive layer became 70% by weight even though acryl-silicon resin containing 
20 polysiloxane was used for the adhesive layer. 

[0131] In examples 48 through 53, a structure, wherein a resin containing coltoidal silica was used tor forming an 
adhesive layer, and the structures prepared in these examples were found to have good photocatalytic acthnty. adhesive 
property after receiving boiling water test, durability and resistance against accelerated weathering. In particular, the 
structures, wherein colloidal silica having fine particle diameter (KS-2) and acryl-silicon emulsion resin introduced with 
25 said colloidal silica were used (examples 50 through 53), were found to have excellent physical properties. 

[0132] Whereas, the adhesive property and the durability of the structure, wherein the content of colloidal silica in the 
adhesive layer was Increased to 50% by weight (reference exanple 7), was found to be radically deteriorated. 
[01 33] In examples 44 through 47. a structure, wherein an adhesive layer and a photocatalyst layer were provided by 
bar coat method, and a coating material for forming the phohtocatalyst layer was prepared by dispersing titania sol add- 
so if led with nitric acid and containing 12% by weight of titanium dioxide, which was replaced from fine granule titanium 
dioxide (P-25) manufactured by Nihon Aerozil Co., Ltd.. silica gel (Trade name: Cataloid SI-30) manufactured by Shoku- 
bai Kasei Co., Ltd. and either alumina sol-200 manufactured by Nissan Chemical Industries Co.. Ltd. or zirconia sol 
manufactured by Nippon Soda Co.. Ltd., adjusting the pH of the resulting mixture to 1 .5, and adding a predetermined 
amount of a surfactant to the said mixture. The structures prepared in these examples were found to have good adhe- 
35 sive property and durability as well as high photocatalytic activity even though the thickness of the photocatalytic layer 
is relatively thin. 

[01 34] In example 47. a structure having good physical properties was obtained even decreasing the content in total 
of acryl-silicon resin emulsion and silane coupler in a photocatalyst layer down to 20% by weight, however, in reference 
example 8. adhesive property and durability were radically decreased when such content in total was reduced down to 

40 s% by weight even adding acryl-silicon resin emulsion to the photocatalyst layer. 

[01 35] The samples obtained in the examples 36 through 53 and allowed to all of a durability test under irradiation of 
black light at a high temperature and high humidity, dipping test in boiling water, and accelerated weathering test using 
Sunshine cartran arc weather meter, were checked again for their photocatalytic activity according to the same method 
employed at the start of this test based on decomposed-amount of acetaldehyde by light, and it is found that all samples 

45 showed the same decomposed-amount of acetaldehyde as the ones obtained at the start of this test and have main- 
tained yet the initial photocatalytic activity with a full capacity. 

Example 54 

50 [0136] According to the method employed in the example 42, a sample of a titanium dioxide photocatalyst-carrying 
strycture was prepared, and the antimiaobial activity of the sample was evaluated. 

[0137] As a result, it was found that the survival rate of colon bacillus on the sample, which was left in a dark place, 
was 92%, 91% and 91% after 1 . 2 and 3 hours, respectivily, whereas such rate on the other sarrple. which was exposed 
to black light, was 52%. 22% and 1 1% after 1 . 2 and 3 hours, respectively. The antimicrobial activity was noted even on 
ss the sample which was placed under a flourescent lamp, and the sunnval rate of colon bacillus was 76%. 54% and 22% 
afetr 1, 2 and 3 hours, respectively, and those ratios were higher than the ones of the samples left in a darit place. 
[0138] As a silicon compound used tor a coating material of a photocatalyst. the followings were used. 
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(S-1) S% by weight ethanol solution of tetiaethoxy siiane (Super Reagent Grade. Manufectured by Pure 

CInemical Co.. Ltd.). 

(S-2) 5% by weight ethanol solution of tetramethoxy siiane (Manufoctured by Shinetsu Chemical Industry Co.. Ltd. 
(S-3) 5% by weight ethanol solution of methyttriethoxy siiane (Super Reagent Grade, Manufactured by Wako Pure 
Chemical Co.. Ltd.). 

(S-4) 5% by weight ethanol solution of trl(p-methoxyethQxy)vinyl siiane (Manufactured by Nihon Unikar Co., Ltd.. 
Trade name: A-1 72). 

[0139] To a sol solution and a silicon compound solution represented at (Z -1) through (Z-3), either titanium dioxide 
powder or sol was dispersed as a photocatalyst together with either water or a mixed solvent of water and ethanol while 
adjusting the pH of the mixture to an appropriate value ranging from 1 .5 to 9 depending upon the type of raw materials 
and additives, and was further added, with a prefixed amount of a surfactant to thereby obtain a coating material for 
forming a photocatalyst layer. The cocitent of the components contained in the said coating material and viscosity and 
sedimentation state of the particles just after the preparation of the coating material and after 90 days from the sealing 
are presented in Table 6. 
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Table 6 







Photocatalyst 


Metal Dioxide 


Silicon Compound 


At Stan 


After 90 days 






Type 


Con- 
tent*i 


Type 


Con- 
tenf^ 


Type 


Con- 
tent"'' 


Viscosity 


Sedi- 
menta- 
tion 


Viscosity 


Sedi- 
menta- 
tion 


10 


Exam- 
ple 








wt% 




wt% 


CP 


% 


cP 


% 




55 


C-1 


20 


Z-1 


20 


S-1 


1 


31 


100 


43 


90 




56 


C-1 


10 


Z-1 


20 


S-1 


1 


14 




16 


85 


IS 


57 
58 


C-1 

C-2 


5 
30 


Z-1 
Z-1 


5 
10 


S-1 
S-1 


0.2 
2 


3 
33 




4 

37 


95 
100 




59 


C-2 


10 


z-1 

Z-2 


10 
0.3 


S-3 


0.1 


7 




9 


100 


20 


60 


C-2 


2 


Z-1 
z-2 


2 

0.05 


S-3 


0.01 






1 


100 




61 


C-1 


0.5 


Z-1 


0.5 


S-2 


0.02 


1 




1 


95 


25 


62 


C-1 


0. 1 


z-1 


0.1 


S-2 


0.002 


1 




1 


95 




63 


C-1 
C-2 


3 
3 


z-1 

Z-3 


6 

0.2 


S-1 


0.2 


2 




2 


90 




64 


C-3 


5 


Z-1 


7 


S-4 


0.2 


3 




5 


95 


30 


65 


C-3 


1 


z-1 


2 


S-3 


0.04 


2 




2 


100 




66 


C-3 


0.2 


z-1 


0.2 


S-1 


0.01 


1 




1 


100 


35 


Refer- 

Exam- 
ple 
























9 


C-1 


5 


z-1 


5 






3 


100 


12 


45 




10 


C-2 


30 


z-1 


10 






33 




430 


55 




11 


C-2 


10 


z-1 

z-2 


10 
0.3 






7 




23 


65 




12 


C-3 


5 


Z-1 


7 






3 




9 


50 


*5 


13 


C-3 


1 


z-1 


2 






2 




3 


60 




Note: Sedimentatior 
the coating solution 


of particles was indicated with 


a ratio of sedimentation volume relative to 


the whole 


volume of 



*1 : The content Is indicated with percent by weight based on Ihe weight of dried coaling solution. 



[0140] In examples 55 through 57, a photocatalyst-carrying structure, wherein titanium dioxide powder (P-25) was 
used as a photocatalyst, is respectit>ely disclosed. By the addition of a small amount of a silicon compound, the stability 
{rfter 90 days of the coating material of a phtocatalyst was improved very much. 

[0141 ] In examples 58 through 60, titania sol acidified with nitric acid was used as a photocatalyst. silica gel and alu- 
55 mina sol were jointly used as the compoundable metal oxide sd, and methyltriethoxy silane was used as a silicon com- 
pound in examples 59 and 60. By employing this method, remarkable improvement in the resistant property to boiling 
water, particularly resistance to boiling water in tap water, of the structure Ibrmed with a film thereon by applying such 
coating nnaterial. was achieved. 
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[0142] In examples 61 and 62, a photocatalyst-carrying structure, vvtierein tetramethoxy silane was used as a silicon 
compound, and it is noted ttiat this structure showed an advantage that it can keep the stability of the coating material, 
even the amount of tetramethoxy silane to add was so small. 

[0143] In example 63. a photocatalyst-carrying structure, wherein powder titanium dioxide (P-25) and titania sol were 
5 jointly used for the photocatalyst, and silica sol and zirconia sol were jointly used for a compoundatile metal oxide sol, 
is provided, whereas a coating material having good stability and sedimental property was obtained by adding tetram- 
ethoxy silane In the solution. 

[0144] In examples 64 through 66, a photocatalyst-carrying structure, wherein a coating material for forming a pho- 
tocatalyst layer was prepared by changing the type of silicon compounds, and each coating material prepared in these 
10 examples were found to be stable at any prefixed amount to add. 

[0145] On the contrary, in examples 9 through 13, since no silicon compound was added to a coating material, the 
viscosity of the coating material was drastically increased after 90 days, and sedimentation of particles was cetainly 
resulted in. and therefore, it was difficult to control the condition for forming films when such coating material was used, 
and it was not feasible to obtain a photocatalyst-carrying structure having stable quality. 

15 

< Examples 67 through 71 > 

[0146] By using the coating nraterials prepared in the examples 55 through 59, photocatalyst-can-ying structures were 
prepared by using the substrates recited in the following. Th materials used for the substrate were as follows. 

so 

(SA) Primer-treated polyester film 
(SB) Soda lime-made gaiss plate 
(SC) Metal aluminium plate 

(SD) High-density polyethylene mesh (Tnickness of fiber: 0.2 mm, mesh size: 0.6 mm) 
25 (SE) Polypropylene-made mesh (Inner diameter: 30 mm. Outer diameter: 36 mm) 

[0147] The adhesive layer was formed by dipping method when the thickness thereof was 2 (im or less or the conf 
igurat ion of the suk>strate was other than plate-shaped, or by a method using a baker applicator when the substrate was 
plate-sshaped and the thickness thereof was formed to 2 (un or mora Temperature used for drying the adhesive layer 

30 was 80 °C only when the material of the substrate was (SD) or (SE), and it was at 120<'C in all other cases. The photo- 
catalyst layer was formed by dipping method when the thickness thereof was 2 ^m or less or the configuration of the 
substrate was other than plate-shaped, or by a method using a tjar coator when the substrate was plate-shaped and 
the thickness thereof was formed to 2 urn or more. Drying of the photocatalyst layer was performed at the same tem- 
perature as the one for drying the adhesive layer. Hereunder, physical properties of the photocatalyst-carrying struc- 

35 tures prepared in the examples and the reference examples, wherein type and content of the materials described 
above, the thickness of a f Hm coated, method to form films, etc. were each modified, are presented in Tables 7 and 8. 
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Tat3le7 



Example 


Carrier 


Coating S 


olution for Adhesive 
Layer 


Coating Solution for Photocatalyst 
Layer 


Thick- 
ness of 
Adhe- 
sive 
Layer (^) 


Thick- 
ness of 
Photo- 
catalyst 
Layer (n) 












TiOa 


2-1 


Z-2 










Type 


Con- 
tent *1 


Resin 
Sol. 


Type 


Con- 
tent *2 


Con- 
tent *2 


Content 
*2 






ple-67 






10 


J-1 


C-1 


20 


20 








Exam- 
ple-68 


SA 


PS-1 


5 


J-1 


C-1 


2 


0 




1 


3 


Exam- 
ple-eg 


SC 


PS-1 


20 


J-2 


C-1 


5 


5 




4 


2 


Exam- 
ple-70 


SD 


PS-2 


20 


J-2 


C-2 


30 


10 




5 


3 


Exam- 
ple-71 


SE 


PS-2 


30 


J-2 


C-2 


10 


10 


0.3 


4 


2 



* 1 : Concentration of solid component of the resin in the coating solution. 

* 2 : Concentration of solid component In the coating solution. 
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Tables 



Example 


Photocata- 
lytic Activity 


Adhesive Property 


Sunshine W 


eather Meter 


Whole light 
Transmit- 
tance (%) 






Before Dura- 
bility Test 


After Dura- 
bility Test 


After Boiling 
Water Test 


Surface 
State aft. 
Test 


Adh.Pro. 
after Test 




Example-67 


A 


10 


10 


-*6 


A 


10 


63 


Example-68 


A 


10 


10 


-•6 


A 


10 


75 


Example-69 


B 


10 


10 


-*6 


A 


10 


-*5 


Example- 70 


B 


10 


10 


-*6 


A 


-*3 


-*4 


Example-71 


B 


10 


10 


10 


A 


10 


82 



' 3 : Since cross-cul Scotch tape lest could not \x employed, the surtace of the sticking tape was observed l>y using a binoc- 
ular, however, no adhesion of the photocatalyst layer was ol>served. 
' 4 : The determination could not t)e made due to the difference in configuration. 
50 ' 5 : The determination could not be made t)ecause of an opaque canrier. 
* 6 : No evaluation has t>een made. 



C0148] For the samples obtained in the exanrples 67 through 71 and allowed to black light resistance test under a high 
55 temperature and high humiduty, dipping test In boiling water and accelerated weathering test by using Sunshine carbon 
arc weather meter, photocatalytic activity was respectively determined again beased on decomposed-amount of acetal- 
dehyde by light that was the method employed tor such determination before starting the tests descrit>ed above. From 
the result that the same level of decomposed-amount of acetaldehyde as the ones obtained befbre allowing the sam- 
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pies to such tests above was otMained, it is demonstrated that the original photocatalytic activity has been fully main- 
tained in the structures 

Exanple 72 

5 

[0149] A photocatalyst-carrying structure comprising titanium dioxide was prepared according to the same method 
as described in the example 67. and an antimicrobial test was carried out for the structure according to the method 
desaibed above. The survival rate of colon bacillus on the structure with no radiation of light was 92%, 91% and 91% 
after 1 . 2 and 3 hours, respectively, whereas the sunrival rate on the structure which was exposed to radiation of black 
10 light was 52%. 29% and 1 1% after 1 . 2 and 3 houre. respectively Further, the suraival rate of colon bacillus on the struc- 
ture exposed to radiation of flourescent lamp was 76%. 54% and 22% after 1. 2 and 3 hours, respectively, which 
showed higher antimicrobial activity than the structure placed in a dark site. 

< Example 73 > Films processed with sticker 

IS 

[01 50] A solution for forming an adhesive layer was prepared by mixing 30% t>y weight of polysiloxane (Manufactured 
by Colcoat Co., Ltd., Trade name: Methyl Silicate 51) based on the weight of acryl-silicon resin and 5% by weight of a 
curing agent (silane coupler) based on the weight of acryl-silicon resin to a nvxed solution of xylene and isopropand 
(mixing ratio, 50:50) containing 25% by weight of aayl-silicon resin which contains 3% by weight of silicon, and was 
20 diluted with methyl ethyl ketone to adjust the concentration to 1 0% by weight on the solid component basis. 

[01 51 ] Tlie diluted solution obtained was applied by gravure printing onto a polyester film (Trade name: Cosmoshine 
50 pm) A4100 manufactured by Toyobo Co.. Ltd. so as to form a film having a thickness of 1 \an after drying by using a 
microgravure coater (width: 70 cm) manufactured by Vbsui Seiki Ca. Ltd. at a speed of 15 m^ec and at dry zone tem- 
pratureofis. 

2S [0152] The polyester film whereto an adhesive layer was formed was then applied with a coating material for forming 
a photocatalyst layer, which was prepared by dispersing titania sol acidified with nitric acid containing 20% by weight of 
titanium dioxide as a photocatalyst into silica sol ackiified with nitric add containing 20% of silicon oxide in the presence 
of a surtactant, and then diluting the dispersion with a mixture of ion-exchanged water and ethanol (mixing ratio, 50:50) 
to a concerrtration of 10% by weight on the solid components basis, by gravure printing same as for the adhesive layer 

30 to thereby obtain a polyester film formed with a photocatalyst layer having dried-tNckness of 1 (im. 

[0153] Next, to the surface of the photocatalyst-canying structure compring polyester film whereto a photocatalyst 
was not applied, a solution prepared by adding 5% by weight on the solid basis of a coating agent for blocking thermic 
rays. STS-500. manufactured by Sumitomo Osaka Cement Co.. Ltd. into a commercially-available sticker was applied 
by employing gravure printing method. The film applied with the sticker was winded while laminating the film with poly- 

35 ethylene film (Pyrene film-OT 20 tim) P -2161 . manutactured by Toyobo Ca. Ltd. at a process for drying and winding at 
the drying zone in the gravure printer, to thereby providing a sticking film. 

[01 54] TTiis kind of films can be used for a sticking film for window glass for automobiles, home window glass, and 
window glass for medical facilities, and they are advantageously characterized from their properties, such as antimicro- 
bial activity, soiling resistant property and deodorant property, as well as scattering-preventive films at breaking of glass. 

Example 74 Plate glass 

[0155] To a plate glass made of soda lime having thickness of 1 mm and cut into a piece with a dimension of 5 cm x 
5cm, a solution prepared by mixing 30% by weight of polysiloxane (methyl silicate 51, manufactured by Colcoat Co., 

45 Ltd.) based on the weight of acryl-silicon resin into a mixed solution of xylene and isopropanol (mixing ratio, 50:50) con- 
taining 25 % by weight of acryl-silicon resin which contains 3% by weight of silicon, was applied by using No. 7 bar 
coater and was dried at 1 00 °C for 60 min. to form an adhesive layer. After allowing the plate glass to cooling under an 
ambient temperature, a coating material for forming a pfiotocatalyst layer was prepared by dispersing titania sol acidi- 
fied with nitric acid containing 20% by weight of titanium dioxide into silica sol acidified with nitric acid containing 20% 

so by weight of silicon oxide in the presence of a surfactant. The solution obtained was then applied onto the adhesive 
layer described above by using No. 7 bar coater as well, and was then dried for 60 min. at 100 'C to thereby dtAain a 
photocatalyst -carrying glass plate (Sample No. 1). 

Example 75 Glass Fiber Papers 

55 

[0156] The solution for fbmiing an adhesive layer used in the example 74 was diluted with xylene-propanol solutton 
(mixing ratio, 50:50) to obtain a concentration of 5% by weight on the solid component basis. A glass fiber paper. SAS- 
030 (weight: 30 gfrr^) manutactured by Oribest Co., Ltd. was d^jped in the diluted solution prepared as described above 
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and was then pulled out, allowed to stand and dried at 100 "C for 120 min. to Ibrm an adhesive layer on the surface of 
the said glass ffcer paper. Then, the glass fiber paper whereto the adhesive layer was formed was dipped into a solution 
prepared by diluting the coating material for forming a photocatalyst layer used in the example 74 with ion-exchanged 
water to a concentration of 1 0% by weight, and was pulled out and dried at 1 00°C fOr 1 20 min. to obtal n a photocatalyst- 
5 carrying glass filler paper (Sanple IMo. 2). 

Example 76 Lens for Glasses 

[01 57] An adhesive l^er was formed onto lens for glasses, PC pointal coat TC(+)1 .OOS 0. 00 65 mm0 manufactured 
10 by Nikon Corporation, by applying a solution prepared by admixing polysiloxane (Methyl Silicate 51 manufactured by 
Colcoat Co., Ltd.) 20% by weight based on the weight of acryl-sillcon resin into a mixed solution of xylene and isopro- 
panol (mixing ratio, 50:50) containing 10% by weight of acryl-silicon resin which contains 3% by weight of silicon onto 
the lens according to dpping method as described in the example 75, and the ooated-lens were dried at 100 °C for 20 
min. After cooling the lens at an ambient temperature, a coating material for forming a photocatalyst layer was prepared 
IS by dispersing titania sol as a photocatalyst acidified with nitric add and containing 5% by weight of titanium dioxide into 
silica sol acidified with nitric add and containing 5% silicon oxide In the presence of a surf&ctant Using this coating 
nnaterial for photocatalyst layer and employing dipping method similarly, a photocatalyst layer was formed by coating 
the said coating material onto the surface of said adhesive layer and was dried at 100 "C for 20 min. to obtain photo- 
catalyst-carrying lens for glasses (Sample No. 3). 

20 

Example 77 \Atall Papers made of Poly(vinyl chloride) 

[0158] A solution prepared by mixing polysiloxane (Methyl Silicate 51 manufactured by Colcoat Co.. Ltd.) 30% by 
weight based on the weight of acryl-silicon resin into a mixed solution of xylene and isopropanoi (mixing ratio. 50:50) 

25 containing 25% by weight of acryl-silicon resin which contains 3% by weight of silicon was applied onto a wall paper 
made of poly(vinyl chloride)(SQ 5328. manufaaured by Sangetsu Co.. Ltd.) cut into a piece with a demension of 5 com 
X 5 cm and a thickness of 1 mm by using a bar coater No. 7. and the applied -paper was then dried at 1 00 "C for 20 min. 
to obtain an adhesive layer. After cooling the paper at an ambient temperature, a coating material for forming a photo- 
catalyst layer was prepared by dispersing titania sol as a photocatalyst acidified with nitric acid and containing 20% by 

30 weight of titanium dioxide into silica sol addified with nitric add and containing 20% silicon oxide in the presence of a 
surfactant. Applying this solution onto the surface of the adhesive layer by using a bar coater No. 7, and the paper 
coated was dried at 1 GO °C for 20 min. to obtain a photocatalyst-carrying wall paper (Sample Na 4). 

Example 78 Polyester Films 

35 

[01 59] The solution for forming an adhesive layer used in the example 77 was diluted with a mixed solution of xylene 
and isopropanoi (mixing ration 50:50) to adjust the concentration of the mixture to 25% t>y weight on the solid compo- 
nents basis. The diluted solution was then applied by gravura printing at a speed of 10 m/min. and at dry zone temper- 
ature of 130 "C onto a polyester film (Cosmoshine) A4100 manufactured by Tpyotx) Co., Ltd. by using a microgravure 
40 coater (width: 70 cm) manufactured by Yasui Seiki Ca, Ltd. to form a film with a thickness after drying of 3 ^m. 

[01 60] Then, the polyester film formed with an adhesive layer was further applied with the coating material for forming 
a photocatalyst layer used in the example 77 according to gravure printing to thereby obtain a photocatalyst-carrying 
polyester film provided with a photocatalyst layer having a thickness after drying of 3 )tm (Sample Na 5). 

45 Example 79 Protective Filters for Personal Computers 

[0161 ] A solution for forming an adhesive layer was prepared by mixing polysiloxane (Methyl Silicate 51 manufactured 
by Colcoat Co., Ltd.) 30% by weight on the solid component fciasis relative to the weight of acryl-silicon resin into a 
xylene solution containing 20% by weight of acryl-silicon resin which contains 20% by weight of silicon and was diluted 

50 with an isopropanoi solution to adjust the concentration to 20% by weight on the solid component basis. Then, the solu- 
tion was applied by dipping onto VDT filter. E-filter III, manufactured by Toray Co., Ltd. and the filter coated was then 
dried at 100 °C for 20 min. to form an adhesive layer on the surface of the filter. Sut>sequently. the VDT protective filter 
formed with adhesive layer was further allowed to dipping process in a solution prepared by diluting the coating material 
used in the example 77 with ion-exchanged water to the extent that the content of solid component in the coating mate- 

55 rial to be 10% by weight, pulled out therefrom and dried at 100<>C tor 20 min. to ot>tain a photocatalyst-canrying VDT 
filter (Sample No. 6). 
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Example 80 Telephone Set Cases 

[0162] The solution for forming an adhesive layer used in the example 77 was diluted with a mixed solution of xylene 
and isopropanol (mixing ratio, 50:50) to adjust the cxincentration of the solution to 20% by weight on the solid compo- 

5 nent Ijasis. The diluted-solution was applied by spraying to a case for a telephone set (Type: HIT-1 , Manufactured by 
Hitachi Seisakusho Co., Ltd.) by using a spray gun (Type: WIDER 88 Manufactured by Iwata Tosoki Kogyo Co., Ltd). 
After drying the sprayed-case at 100 °C for 20 min.. a coating material tor forming a photocatalyst layer used in the 
ecample 1 was adjusted by dilution with ion-exchanged water to a concentration of 8% by weight on the solid compo- 
nent basis, and the diluted-coating material was applied by spraying as described above. After drying the case at 1 0OoC 

10 for 20 min., a photocatalyst-carrying telephone set case was obtained (Sample No. 7). 

Example 81 Lens for Glasses 

[0163] An adhesive layer was formed onto lens for glasses, NL70HCCTc(+}1 .0 OS 0. 00 (70 mm0) manufactured t>y 
IS Nikon Corporation, by applying a solution prepared by admixing polysiloxane (Methyl Silicate 51 manutactured by Col- 
coat Co.. Ltd.) 20% by weight based on the weight of acryl-silicon resin into a mixed solution of xylene and isopropanol 
(mixing ratio. 50: 50) containing 1 0% by weight of acryl-silicon resin which contains 3% by weight of silicon onto the lens 
according to dipping method as descrfoed in the example 79, and the coated-lens were dried at 1 0O'C for 20 min. After 
cooling the lens at an ambient temperature, a coating material for forming a photocatalyst layer, which was prepared by 
20 dispersing titania sol as a photocatalyst acidified with nitric acid and containing 1 S% by weight of titanium dioxide into . 
silica sol acidified with nitric acid and containing 1S% silicon oxide in the presence of a surfactant, was applied onto the 
lens to form a photocatalyst layer. Using this solution tar photocatalyst layer and employing the same dipping method, 
a photocatalyst layer was formed by coating the solution onto the surface of said adhesive layer and was dried at 100 
"C for 20 min. to obtain photocatalyst-can-ying lens for glasses (Sample No. 8). . . 

25 

Example 82 Curtains 

[0164] Textile fabrics for curtains, trade name 'Hospia" (for school and hospital use) manufactured by Kawashima Ori- 
mono Co., Ltd. were cut into a piece vnth a dimension of 7 cm x 7 cm, and the pieces were dipped into a solutton pre- 
30 pared by mixing polysiloxane (Mettiyl Silicate 51 manufactured by Colcoat Ca, Ltd.) 20% by weight on the solid 
component basis relative to the weight of acryl-silicon resin into a mixed solution of xylene and isopropanol (mixing 
ratio, 50:50) containing 15% by weight of epoxy-silicon resin which contains 3% by weight of silicon, pulled out there- 
from and dried at 80 °C for 120 min. After cooling the fabrics at an ambient temperature, the textile fabrics whereto an 
adhesive layer was formed thereon was dipped into a coating material for forming photocafalyst fayer which was pre- 
ss pared by dispersing tifania sol produced by Ammonia Alkali containing 1 0% by weight of tifanium dioxkte into silica sol 
containing 1 0% by weight of silicon oxkle in ttie presence of a surfactant, pulled out therefrom anA dried at 80<'C for 1 20 
min. to obtain a photocatalyst-carrying textile fabric for curtain use (Sample No. 9). 

Example 83 Nonwoven Fabrics 

[01 65] Non-bleached nonwoven fabric made of cotton (Trade name: Orcos, Manufactured by Nisshinbo Co. , Ltd.) was 
cut into pieces each having a dimension of 7 cm x 7 cm, and each piece was sprayed with a solution prepared by mixing 
polysiloxane (Methyl Silicate 51 manufactured by Colcoat Ca, Ltd.) 30% by weight based on the weight of acryl-slicon 
resin into a mixed solution of xylene and isopropanol (mixing ratio, 50:50) containing 25% by weight of acryl-silicon resin 
45 which contains 3% by weight of silicon by using a spray gun (Type; WIDER 88, Manufactured by Iwate Tosoki Kbgyo 
Co.. Ltd.). After drying the sprayed fabric at 100 'C for 30 min.. the solution for forming a photocatalyst layer used in the 
example 82 was applied to the said fabric, and the applied fabric was then dried at 100°C for 30 min. to obtain a photo- 
catalyst-carrying cotton nonwoven fatxic suitatJie for surgical gowns, tat>leclothes, covers for a toilet seat, shoji papers, 
covering sheets for seedlings, food packaging materials, eto. 

50 

Example 84 Printed Polyester Ck>th Fabrics for Umbrelfa 

[01 66] Using commercially available printed polyester cloth fabrics for umbrella use as a substrate, an adhesive layer 
and a photocatalyst layer were coated thereon according to the same mettiod disclosed in the example 83. The photo- 
55 catalyst-carrying printed polyester cloth fabric obtained here was found to have almost no difference in patterns and 
feeling from normal cloth fabrics (Sample No. 11). 
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Example 85 Wall Papers (Woven Cloth) 

[0167] Using a plain woven doth, SG 6758, manutactured by Sangetsu Co., Ltd. as a substrate, an adhesive layer 
and a photocatalyst layer were formed onto the cloth according to the method disclosed in the example 83. 
5 [01 68] The photocatalyst-carrying woven doth wall paper did not give bad influence on the quality of the woven doth 
(Sample No. 12). 

Example 86 Aluminum Sash 

10 [0169] A solution prepared by mixing polysiloxane (Methyl Silicate 51, manufactured by Colcoat Co., Ltd.) 30% by 
weight based on the weigftt of acryl-sillcon resin into a mixed solution of xylene and isopropanol (mixing ratio. 50:50) 
containing 25% by weight of acryl-siticon resin which contains 3% t>y weight of silicon was applied onto a aluminum 
sash plate cut into a piece with a dimension of 7 cm x 7 cm by using a bar ooater No. 7 and the aluminum sash plate 
was dri ed at 1 00°C for 60 min. to form an adhesive layer on the plate. After cooling the plate at an ambient temperature, 

IS a coating material for forming a photocatalyst layer was prepared by cSspersing titania sol acidified with nitric acid con- 
taining 20% by weight of titanium dioxide into silica sol acidified with nitric add containing 20% by weight of silicon oxide 
in the presence of a surfactant. The coating material was then applied onto the surface of the adhesive layer described 
above by using a bar coater Na 7, and the applied plate was dried at 130'C for 10 min. to obtain a photocatalyst-car- 
rying aluminum plate (Sample No. 13). 

so 

Example 87 Stainless Steel Plates 

[0170] The solution tor forming an adhesive layer used in the example 86 was adjusted by dilution with a mixed solu- 
tion of xylene and isopropanol (mixing ratio. 50:50) to a concentration of 5% by weight on the solid compomnent basis. 

55 A stainless steel plate made of SUS 316 (Thickness: 0.2 mm) cut into a piece with a dimension of 7 cm x 7 cm was 
dipped into the solution described above, pulled out therefrom and dried at 1 20 "C for 20 min. to form an adhesive layer 
on the surface of the stainless steel plate. Then, the stainless steel plate whereto an adhesive layer was formed was 
dipped into a solution prepared by adjusting the concentration of the coating material for a photocatalyst layer used in 
the example 86 with Ion-exchanged water to a concent rati ob of 10% by weight, pulled out therefrom and dried at 120 

30 "C for 20 min. to obtain a photocatalyst-carrying stainless steel plate (Sample No. 14). 

Example 88 Tin Plates 

[0171] A tin plate having a thickness of 1 mm cut into a piece with a dimension of 7 cm x 7 cm vtras dipped into a 
35 solution prepared by mixing polysiloxane (Methyl Silicate 51, manufactured by Colcoat Co., Ltd.) 30% by weight based 
on the weight of acryl-sillcon resin into 20% by weight of xylene solution of acryl-silicon resin which contains 20% by 
weight of silicon and then diluting the mixture with isopropanol solution up to a concentration of 20% by weight on the 
solid component basis, pulled out therefrom and dried at 100°C for 60 min. to form an adhesive layer on the tin plate. 
The tin plate on which an adhesive layer was formed was then dipped into a solution prepared by adjusting the coating 
40 material for forming a photocatalyst layer used in the example 86 by dilution with Ion -exchanged water to a concentra- 
tion of 10% by weight, pulled out from the solution and dried at 100 °C for 60 min, to otitain a photocatalyst-canying tin 
plate (Sample Na 15). 

Example 89 Blinds 

45 

[01 72] After removing a slat having a width of 800 mm and a height of 700 mm of a blind. 'Silky Curtain' (1 5 mm slat 
width type) T-12 (white), manufactured t>y Tachikawa Blind Industry Co., Ltd. . a solution prepared by mixing polysi- 
loxane (Methyl Silicate 51. manufadured by Colcoat Ca. Ud.) of 30% by weight based on the weight of acryl-silicon 
resin into a mixed solution of xylene and isopropanol (mixing ratio, 50:50) containing 25% by weight of acryl-silicon resin 
so which comprises 3% by weight of silicon was apllied by spraying by using a spray gun, WIDER 88, manufadured by 
Iwata Tosoki Kbgyo Co., Ltd. After drying the sprayed-tMind at 120 "C for 20 min.. the blind was further applied by spray- 
ing with a solution prepared by diluting the coating material for forming a photocatalyst layer used in the example 86 
with ion-exchanged virater to a concentration of 8% by weight on the solid component basis (Sample Na 16). 

55 Example 90 Printed Plywood 

[0173] A printed plywood, Neowood, having a thickness of 2.5 mm and cut into a piece with a dimension of 7 cm x 7 
cm, manufadured t>y Eidai Sangyo Co., Ltd. was applied with a solution prepared by mixing polysiloxane (Metfiyl Sill- 
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cate 51. manulactured by Colooat Co., Ltd.) 30% by weight based on the weight of acryl-silicon resin into a mixed solu- 
tion of xylene and iscpropanol (mixing ratia 50:50) containing 25% by weight of acryl-silicon resin which comprises 3% 
by weight of silicon by using a bar coater No. 7 and was then dried at 100 °C for 30 min. to form an adhesive layer on 
the printed plywood. After cooling the printed plywood at an amt»ent temperature, a coating material for forming a pho- 
5 tocatalyst layer was prepared by dispersing titania sol acidified with nitric acid containing 20% by weight of titanium 
dioxide into silica sol acidified with nitric acid containing 20% silicon oxide in the presence of a surfactant Using this 
coating material and a bar coater Na 7, the coating material was applied on the surface of the adhesive layer and was 
dried at 100 "C for 30 min. to obtain a photocatalyst-carrying printed plywood (Sample No. 17). 

10 Example 91 Synthetic Timbers 

[0174] The solution for forming an adhesive layer used in the example 90 was diluted with a mixed solution of xylene 
and Isopropanol (mixing ratio, 50:50) to a concentration of 5% by weight on the solid component basis. 
[0175] A synthetic timber, Esron Neolamber FFU-50, manutactured by Sekisui Chemical Industry Ca, Ltd. and cut 
IS into a piece with a dimension of 7 cm x 7 cm was dipped Into the diluted solution prepared above, pulled out therefrom 
and dried at 1 00 "C for 120 min. to form an adhesive layer on the surface of the timber. The timt>er on which the adhe- 
sive layer was formed was then dipped into a solution prepared by diluting the coating material for forming a photocat- 
alyst layey used in the exmple 90 with Ion-exchanged water to a concentration of 10% by weight, pulled out therefrom 
and dried at 100°C for 120 min. to obtain a photocatalyst-carrying synthetic timber (Sample No 18). 

so 

Example 92 Wooden Doors 

[0176] An indoor use wooden door (Type 38 RC0202-IR6, Oak pattern) manufiactured by Dailwn Kbgyo C. . Ltd. was 
cut into a piece with a dimension of 7 cm x 7 cm. and the piece was applied with a solution prepared by mixing polysi- 

25 loxane (Methyl Silicate 51 , manufactured by Colcoat Co.. Ltd.) 20% by weight based on the weight of acryl-silicon resin 
(mixing ratio, 50:50) containing 1 0% by weight of aayl-silicon resin which conprises 3% by weight of silicon according 
to the dipping method similar to the one as described in the example 91 to form an adhesive layer and was dried at 
1 00*C for 20 min. After cooling ttie piece at an ambient temperature, a coating material fOr fbrming a photocatalyst layer 
was prepared by dispersing titania sol acidified witti niti-ic acid containing 5% by weight of titanium dioxide into silica sol 

30 acidified with nitric add containing S% by weight of silicon oxide in the presence of a surfactant. This coating material 
was applied onto the surface of the adhesive layer by employing ttie dipping method described above and dried at 100 
°C for 20 min. to obtain a photocatalyst-carrying wooden door. 

( Evaluation for Photocatalytic Activity > 

35 

[01 77] Photocatalytic activity of the samples 1 through 1 9 was evaluated respectively, and ttie results in the evaluation 
were presented in Table 9 . 
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Industrial Use 

45 [0178] The photocatalyst-carrying structure according to the present Invention has high photocatalytic activity, and 
glass, plastics, metallic materials, cloth fabrics, timbers and wooden materials, which respectively carry a photocatalyst 
being resistant to deterioration and highly dural3le, can be useful fbr lens, various types of window glass, adhesive films, 
sheets fbr decoration, wall papers, curtains, construction materials, such as blinds, interior goods, etc. 

50 Claims 

1. A photocatalyst-carrying structure constituted with a photocatalyst layer, an adhesive layer and a substrate, 
wherein the adhesive layer is provided in between the photocatalyst layer and the sutistrate and is made of silicon- 
mtxlified resin containing silicon from 2 to 60% by weight, a resin containing colloidal silica from 5 to 40% by weight, 
55 or a resin containing polysiloxane, which is a polycondensation product of a compourxf represented by a formula 
(1). 

SiClni(OH)n2R<n3{OR2)n4 (1). 
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wherein R'' is an allcyl liaving 1-8 cartwn atoms and optionally sutjstltuted with any of amino, cartsoxyl or chlorine 
atom, is an alKyl having 1 -8 cartxjn atoms or an alkoxy-sutjstitutecl afkyi having 1 -8 carixjn atoms, n| is an inte- 
ger, 0, 1 or 2, na and na are each independently an integer, 0, 1, 2 or 3, ot is an integer, 2, 3 or 4. and 
n^-»-n2-*-n3 + n4=4, from 3 to 60% by weight, and the photocatalyst layer is made of a photocatalyst particle 
5 complex containing either a metal oxide gel or a metal hydroxide gel from 25 to 9S% by weight. 

2. The photocatalyst-carrying sfructure aocording to claim 1 , where in the silicon-modified resin used for the adhesive 
layer is acryl-silicon resin. 

10 3. The photocatalyst-carrying structure according to claim 1, where in the adhesive layer is corrposed of a resin con- 
taining polysiloxane, and said polysloxane is made of either a hydrolyzed product of silicon alkoxide containing at 
least one Ci-Cs altoxy or a compound prepared via the said hydrolyzed product. 

4. The photocatalyst-carrying structure according to any of claims 1 to 3. wherein the adhesive layer is made of sili- 
16 con-modified resin containing polysiloxane. 

5. The photocatalyst-carrying structure according to claim 1 , where in the adhesive layer is made of a resin containing 
colloidal silica and the diameter of the particles of the colloidal silica is 10 nm or less. 

20 6. The photocatalyst-carrying structure according to any of claims 1 . 2 or 5, wherein the adhesive layer is made of sil- 
icon-modified resin containing colloidal silica. 

7. The photocatalyst-carrying structure aocording to any of claims 1 to 6, wherein the metal oxide gel or the metal 
hydroxide gel contained in the photocatalyst layer is porous gel and their specific surface are a dried at ISO'C is 

25 100 m?/g or more, and is composed of one or more gels of metals selected from a group consisting of silicon, alu- 
minium, titanium, zirconium, magnesium, niobium, tantarum, tungsten and tin, respectively. 

8. The photocatalyst-can-ying structure according to any of claims 1 to 7, wherein the photocatalyst layer is a photo- 
catalyst complex composed of more than 2 kinds of metal oxide gels or metal hydroxMe gels and a phohtocatalyst. 

30 and the adhesive property of the complex after dipping it into boiling water which shows an electroconductivity of 
200 \iS/om at 20°C is expressed as an evaluated-point of 6 or more according to cross-cut Scotch tape test pro- 
vided in JIS K5400. 

9. The photocatalyst-carrying structure according to daim 8. where in the photocatalyst layer is composed of a pho- 
35 tocatalyst complex, which comprises porous bodde gel or hydroxide gel of one or more metals selected from a group 

consisting of aluminium, titanium, zirconium and niobium, and silicon, and has a specific surface area after drying 
at 150 of 50m?/g or more. 

1 0. The photocatalyst-carrying sfructure according to any of daims 1 to 7. wherein the photocatalyst layer Is composed 
40 of a photocatalyst complex vtrhlch contains either silicon-modified resin or silane compound 10 to 50% by weight, 

either a metal oxide gel or a metal hydroxide gel from 15 to 85 % by weight on the solid component basis and a 
photocatalyst from 5 to 75% by weight, and the photocatalyst complex has an adhesive property of point 6 or more 
expressed from the criterion aocording to cross-cut Scotch tape test provided in JIS K5400 after dipping it for 15 
min. into boiling water which shows an elecfroconductivity of 200 |iS/cm at 20*C. 

45 

11. The photocatalyst-carrying structure according to daim 10. wherein the silicon-modified resin or the silane com- 
pound contained in the photocatalyst layer is acryl-silicon resin, epoxy-silicon resin or a silane coupler. 

1 2. The photocatalyst-can-ying structure according to any of claims 1 to 1 1 , wherein the thickness of the adhesive layer 
50 is 0.1 fimormore. 

1 3. The photocatalyst-carrying structure according to any of claims 1 to 12, w/herein the thickness of the photocatalyst 
layer Is 0.1 iim or more. 

55 14. The photocatalyst-carrying sfructure aocording to any of claims 1 to 13. wherein whole light transmittance through 
both adhesive layer and photocatalyst layer at a wavelength of 550 nm is 70% or more. 

1 5. The photocatalyst-carrying sfructure according to any of claims 1 to 1 4, characterized in that the adhesive property 
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of the structure after exposing it to lilack light radiation of which ultraviolet light intesity is 3 mW/cm^ for 500 houis 
at 40°C and 90% R.H. is evaluated as point 6 or more according to the criterion of cross-cut Scotch tape test pro- 
vided in J IS K5400. 

5 1 6. A photocatalyst-carrying glass, characterized in that the glass has a constitution wherein an adhesive layer is pro- 
vided in between a photocatalyst layer and a sut>strate, and the adhesive layer and the photocatalyst layer 
described in any of the claims 1 to 15 are used therein. 

17. The photocatalyst-carrying glass according to daim 16. characterized in that the configuration of the carreir is any 
10 of plate-shaped, tubular, ball-shaped or fber-like. 

18. An interier goods using at least partly the photocatalyst-carrying glass described in daim 16 or 17. 

1 9. Glasses and glass lens for which the photocatalyst-carrying glass described in claim 1 6 or 1 7 is used. 

IS 

20. A photocatalyst-carrying plastic molding which has a structure wherein an adhesive layer is provided in between a 
photocatalyst layer and a plactic molding, and the photocatalyst layer and the adhesive layer used therein are the 
ones described in any of claims 1 through 15. 

20 21 . The photocatalyst-carrying plastic molding according to claim 20, chracterized in that the configuration of the mold- 
ing is plate-shaped, tubular, ball-shaped, fber-like or film-like. 

22. A construction material at least partly using the photocatalyst-can-ying plastic molding described in claim 20 or 21 . 

25 23. An interior goods at least partly using the photocatalyst-carrying plastic molding described in claim 20 or 21 . 

24. An electric appliance at least partly using the photocatalyst-carrying plastic molding described in daim 20 or 21 . 

25. A furniture at least partly using the photocatalyst-carrying plastic molding described in claim 20 or 21. 

30 

26. A toy at least partly using the photocatalyst-carrying plastic molding described in claim 20 or 21 . 

27. A sticking film prepared by applying a sticker onto the back side of the photocatalyst-carrying plast'c film described 

in daim 20 or 21. 

35 

28. A photocatalyst-carrying cloth which has a structure wherein an adhesive layer is provided in between a photocat- 
alyst layer and a substrate, and the photocatalyst layer and the adhesive layer used therein are the ones described 
in any of daims 1 through 13 and 15. 

40 29. A furniture and a household goods at leasA partly using the photocatalyst-carrying doth desabed in claim 28. 

30. An interior goods at least partly using the photocatalyst-carrying doth desaibed in daim 28. 

31. A toy at least partly using the photocatalyst-carrying cloth descrbed in daim 28. 

45 

32. A photocatalyst-carrying metal which has a structure wherein an adhesive layer is provided in between a photocat- 
alyst layer and the metal, and the photocatalyst layer and the adhesive layer used therein are the ones described 
in any of daims 1 through 13 and 15. 

50 33. The photocatalyst-carrying metal according to claim 32, characterized in that the configuration of the sut)strate is 
plate-shaped, tubular, ball-shaped, fiber-like or sheet-shaped. 

34. A construction material at least partly using the photocatalyst-carrying metal desaibed in claim 32 or 33. 

55 35. An interior goods at least partly using the photocatalyst-carrying metal described in daim 32 or 33. 

36. A sash using the photocatalyst-carrying metal described in daim 32 or 33. 
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37. A blind using the photocatalyst-canrying metal described in daim 32 or 33. 

38. A pliotocatalyst-carrying timber and a photocatalyet-canying wooden material which respectively has a structure 
wherein an adhesive layer is provided in between a photocatalyst layer and the timber or the wooden material, and 

5 the photocatalyst layer and the adhesive layer used therein are the ones described in any of claims 1 through 13 

and 15. 

39. The photocatalyst-carrying timber and the photocatalyst-can-ying wooden material according to claim 38, charac- 
terized in that the configuration of the substrate is plate-shaped, columnar, ball-shaped or sheet-shaped. 

10 

40. An interior decoration material at least partly using the photocatalyst-carrying timber and the photocatalyst-can7- 
ing wooden material described in claim 38 or 39. 

41. An interior goods at least partly using the photocatalyst-can-ying timber and the photocatalyst-carrying wooden 
IS material described in daim 38 or 39. 

42. A woodwork product using the photocatalyst-carrying timber and the photocatalyst-carrying wooden material 
described in claim 38 or 39. 

20 43. A furniture using the photocatalyst-carrying timber and the photocatalyst-carrying wooden material described in 
claim 38 or 39. 

44. A coating material of a photocatalyst comprising silicon compound from 0.001 to S% by weight, a metal oxide sol 
and/or a metal hydroxide sol from 0. 1 to 30% by weight on the solid component basis and a photocatalyst powder 

25 and/or sol from 0. 1 to 30% by weight on the solid component liasls. 

45. The coating material of a photocatalyst according to claim 44. wherein the silicon compound is an alkoxy silane 

compound represented by a general fbnnula (2), SiR^n5^)4-n5 (2), wherein is an alkyi having 1-8 

cartwn atoms optionally substituted with amino, chlorine atom or caiboxy, is alkyl having 1-6 carix>n atoms or 

30 alkoxy-substituted alkyl having 1-8 carbon atoms, and ns is 0, 1 , 2 or 3, or one or more of the hydrolized products 
of the such compound. 

46. The coating material of a photocatalyst according to claim 44, characterized In that the metal oxide sol and/or the 
matal hydroxide sol comprise a metal selected from a group consisting of silicon, aluminium, titanium, zirconium, 

35 niobium, tantalum, magnesium, tungsten and tin, and the specific surface area of such sol after drying at ISO'C is 
SOm^/g or more, respectively 

47. The coating material of a photocatalyst according to daim 44, characterized in that the silicon compound is com- 
posed of one or nx>re compounds selected from a group consisting of tetramathoxy silane. tetraethoxy silane, 

40 methyl trimethoxy silane, methyl triethoxy silane and their hydrolized products. 

48. A coating material of a photocatalyst used for producing a photocatalyst-carrying structure wherein an adhesive 
layer is provided in between a photocatalyst layer and a sut>strate and comprises two types of coating materials, 
those are (1) a coating material for forming an adhesive layer onto a substrate comprises a resin from 1 to 50% by 

4B weight which contains silicon-modified resin containing 2-60% by weight of silicon and either a resin containing 3- 
60% by weight of polysiloxane or a resin containing 5-40% by weight of colloidal silica, and (2) a coating material 
for forming a photocatalyst layer onto the adhesive layer comprise 0.001-5% by weight of a silicon compound, 0.1 - 
30% by weight of a metal oxide sol and/or a metal hydroxide sol on the solid component basis and 0.1-30% by 
weight of a photocatalyst powder and/or sol on the solid componem basis. 

50 

49. The coating material of a photocatalyst according to claim 48. wherein the resin contained in the coating material 
for forming an adhesive layer is a resin containing polysiloxane, and said polysiloxane is the hydrolized product of 
alkoxy silane with an alkaiy group having 1 -5 caibon atoms or an other compound produced from said hydrolized 
product 

55 

50. The coating material of a photocatalyst according to claim 48, wherein the resin contained in the coating material 
for forming an adhesive layer is a resin containing colloidal silica, and the diameter of sakJ colloMal silica is 10 nm 
or less. 
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51. The coating material of a photocatalyst according to claim 48, wherein the resin contained in the coating material 
for forming an adhesive layer is silicon-modified resin containing potysiloxane. 

52. The coating material of a photocatalyst according to claim 48, wherein the resin contained in the coating material 
5 for fbrirang an adhesive layer is silicon-modified resin containing colloidal silica 

10 
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^iS;. 4$Bg^7 - 1 0 0 3 7 8^'2;ntClt, T+ ^-A 



(2) 10-1801 18 

2 

> y 'Utc r .'l- 3 - A 7 4 > L/ , 6 0 0 - 7 

7e««ijstt^i3jf i>nr . r ji- a - *r 5 >;vs(« o 

fOOOei *fc. <$«^6-2935 1 9^£*Btc 

li ffiiiitcffi<,>4 * v■.l^*ifc6.^•L•/a>*ss^^e^s■^- 
[00071 

20 r. lS!f^, fjfi^. im, ii^.i>iz9i.'P»s>{.'im-^^K. 
d$tt«W#iSS <«l;i(jr. NO. . SIS. W«('-^a'/ 

[ 0 0 0 8 ] 

^ 5 - 3 0 n inOT-f > - AS^Wft » * I' & 

U < |61±-3- 4 C i ^'c I' fco 
[ 0 0 0 9 ) S A:, C cr><*: ^ ■£.@lE(tjfc«lS 
'Si* . St-t^fc * - 7 v'.'U I, A;*!l«>^sgt ia 

A« All* i-^.'Ua - f A©ig t?3Slj|rS- 4citcj:,c. - 

[0 0 1 0 ] ^^^ticti^rosBatcs-^^^f^n/ifc 

<D C. <-<7>!^^it. TIE < 1 > C«l7E(tit«^. ( 2 ) 
iiJ-.lf (3 > CC-e(0»!iS:^rf£, Ui^mc (4 > ©-eCDfil 

[0 0 1 n ( 1 } =^14j5Sa^l7-^:^:*i5 -aOnm© 

50 nz>.^i>ci.^^^i.ti>intkm. 
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3 

[0 0 I 2 I (2) mU(C^ ^ ^rVAe:miLfcii. 

2 5 0-8 0 o-csr-Mb, -c-coiafBEr-a ofjurte 
Swir-i>^'&i^l5^tktct'k1^tiri>±& < i > 

[■;)0 13] <3>2r/Ti (t*tt> /(iO. 
i -tt * J: ^ (cr Klbi.^.'l' 3 i -> A is J: jJtt'.'U a i Aia 

«x > rn * fc lip^s'ssisi s n A: * - 7 v/u « 
s«{r*T5urcf*. 3 0 i) ^ 1 0 0 0 •ctr-JSftsaoJBftia 

[ 0 0 ! 4 ] < 4 > ±Sa ( 1 > K52SJt«©lt(fcTtW.«gi 

I -) 0 15] S9la© r^istejl^t?-^ ili. g*W 

!>:iK croiii*. XiiaiEiiiT<iJ:&r+Jr-x <d,.. > 

©t -i'^SS ch e 1- r e r OlZ^mi-'XWtiiVtc^ 

ifiSi+tr- ^ xi 0 r c n'jct, ^Tncc' (istcsra o c <> j 
Is -lite, r^i^j icmWMM mie) Uv<. 5n 

-7 J-C i r t> . ■< XOr-|)if«qi*g*'. 5-3 

[ ') 0 1 6 1 

[^W«>*te©«5«] KT icS^ <±SB < 1 ) - 
[ 0 0 1 7 1 ±ia < 1 ) (C'^mt, ? y>4SW 
4sSBfia*-ti/cJS.mj©6n4<>WT:-. -e«:xigSi'i^--{X 30 

*^t^-C5 - 3 0 n m«>BBrttc**C i*iSfflli^* 
I*) c**, 

[ 0 0 1 8 ] *a^<i)@iefbfe«K|{cfci3ir«t. ST, 
i>. 

[0019] 56tc, <-C'¥fcjiSsB^^-t^-<x (wr, © 
4C r jSS^t>- ^ Xj i c.. > *45 - 3 0 n m©aEa*9K: 40 

'^ win<o-m k ?- * > * sssr ^ c i is^ewtrfflsi 
[ 0 0 2 0 ] -mit*'> V ^. swi t- c«. X 
-te^ i j'x. tsmm. ^■^xsoc-sami- s> w 



10-1801 18 

i'-cii=i^w««<f<, lift. fflS'Hi-wlStt. e-x 

(0 02 1 ] -|5i)t?^^'><iC:.^*CCot,>-C«5(C|HTEISW 

fl3c. 2 II mv.rvi>i,c tima 
[0022] c<m^\tittmit. ±mtt>^iiti:j, y 

•c. jt«&aiffffl«ftJio Jn@. PAS *m, rj.hi>K. 

^t(fc^icj>tOCffinA:2<)*«:*-3-. Commit 

•C>)?iStCf<J«CS, e6)S-r 4 lClfg(..(i|55ix 4 Jl, 

[ 0 0 2 3 ] B9ia < 2 ) ®aflii*±ia < 1 > ommm 
2 5 0-8 0 0'c («t.«ffl!«> sr-JB«H/. -e-waaafr 
6. 

(0 0 2 4] ^i':^r-/A.(cmm\t. mm^v>-m{tf- 

* > < 5 - 1 0 11 m > A; 0 < ?^ * >r ^ 

-^i-siEroteigMBilSU&tiEfBbr <> 
[0026] c ©i: (C u CfS (>nfc ? - r V MUKia 
«n4ne(fc? * >©¥lS){i^Sti& - 1 0 n taiS&V 

4C i(C J: ^•C3f^<^)!igg,^lV X < 5 - 3 0 n o» ) © 

[ 0 0 2 6 ] g«'^<0 ?• ? - r >/.'l.®8TRti. e > a 

( 0 0 2 7] ? >iT yA=&SWt>:S?BL//iJfe. feicts- 
w!S»;iC@«<k OA: -eik? * ^^C'lfePSftttC'^feiia 
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SCcC'i^,iS{^ft^Ci*, ±^lrfc(^&^if- A Xifih --son 

m © sa tc ^) 4 - e ( t * s >rt> (=> tf * lafe 

[ ■:) 0 2 8 1 -ecr. *ftBC*B!IaE©««««&#^Ctf 'J. 

[ 0 0 2 9] ^Hmmt2 5 0 -8 0 0 WSEgtiSiT 
•S. feijSSlftAi £ 5 0 *CA- D<S(,'i^B(i(fc^*>«r^: 

tiA«s£S(.-r:*:*< wOfSr. *>&»,»«.'U ^.'1-3*31 
[ •:) i) 3 0 1 iS«iaft« C(z:«iK«»i*fi»g»c^T^<: i*«T 

•C/#>K.'.±r*4. Uii. Sa6(C*DilNtt-&tCti, swais 

K> i*3 0»UPl4-S-*. 4<Z>-C. S 

«: 4 0 0 - 7 0 0 •C<Dfm t L, , * 1 0 ^«f»1 

[ O 0 3 2] )S^\m^ri>7>yi. t, c 

WT-Sr ^ * - :sSa©^Pfft* * >.9'6J!f «@«ft«;tt 

«»*fg6nwc». i%*paasf»*. 2 0*c/^fc'.±i-r*c 

1 0 0 3 3 1 mii€> ( 3 ) ( 2 ) o>^S?8tl51 

(.v<±g2 < ! ) cc-m^\t^fii.^o>n&:f;^x\ Z r/T 

A4d J; Vl^A' 3 :^ C> AlfiCDl 'Tm^-** fciSiil&A* 
5ilSnB3nfc?^*-T-/.'U4St-ttc»ffiL,fc». 3 00 - 
1 0 0 0 •cr-fe6£4/iis*tef *a-c*4. 
( 0 0 3 4 J ? S-r v\>K(:i35*D3hft:a8fbi>;U2i 

»^miC i^X. - Kit? * > W-mWtC fo W i 7 :^ 
AcasjJDti, 8 0 0 -CWiCC'BS^tfiSBtCigC 4 r * 



(4) 10-1801 18 

6 

- ;^ ;9-.*>ife)is!SfgttCiS<. ^>i' ^ >l-^(r,'ifm-oAimic few 
[0 03 5] Ofcw-?r. cnfe-|t<fci>.'i.3:i«?Atj 

J: CJ^/* fc iii^A-a ^ U^lcmBt 4 C i J: T , 

giia <2) <^s^f^^-r4«i.«iaf!^. *,6i,'**fe?tB$ 
10 v^>. -0*0 ie.5j&4**5«ir&c<!;A^-c-*. *#e^ 

[0 03 6] =BJi(ti>.'l'3-f Att. t3i«ei«>-Bt(t-:' 
<5-^!0nn)) «:*iiiseiSSi+A:D . l>Jt. 

5'- i -T'P^tt+i'K. i>*^;i^>A?•^5-ll-7'^ 
+ > K^©i>;l. 3 i -J A h 5 r .'Ua 1 1' K Qftft 
l»l 3 X ^> f:flO;»(<JifTS C i K: <fc -7 r t'* 3 T 

20 ^.Oi»iJ^r*4. 

[0 03 7) ^?i;tc^i,.4=e(kt>Aa-f Afc^;o'/ 

t*. S'MiHlib /c? * - 7 V ,'HC±K®i'-'l' 3 :^ r '/.'U 

«>6*a->iO(ESH:fe< C .ttcj: 0IS3il(0?T^C tA^T 
[ 0 0 3 8] "f- *-T'/>HC^*I]-5-«rKffct->>i'3-'5 

.'1-^)1:0. 3*ja<fe/<io. ot*ss«fi'> i-r&. 

Zr/T. {*Mt>AiO. 3 {^.ttbfe, Ti<C*f-r 

<eTf &. Jt«(./<J*1 ~1 8mo ShlzefH 
(./<<*! 8mo l%-C*>&, 

[ 0 0 3 9] i^smmt 3 0 0 - 1 0 0 0 -cir?,. m 

[ 0 0 4 0 J mem&iixommt. -m\ti>'i-^^<? 
A;y.-e(b ?- ft -^amsmtc mfhTt-^! - Ascociia 

a«:2!Ma69K:MlMt,rt-Sft:i&. Kte (2) 
■c/m'±xibi. 

10 04 11 fes£?a{SrtcSt.A;?fe«>(Sf*fl#iai (igsSH* 
50 tC*>?cii*^-^*Ai<STL. yV Wgai^f 
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[ 0 0 4 2] )fe6Ef6(Wftin<c:--?i'r fc . ism tPiii, 
(2 ) ®*^i:tt'<rSfQ.tia#^rt7->r*>J:»,>a3. » 

[ 0 0 4 3 ) ±te { 2 > HitlO ( 3 > <0-t^K.^Mit, 

( 0 0 4 4] mis { 4 ) (o^mt. < i > wsfeo^ceis 
[0 04 5] ccri^^ r^^tmm ii*. a(*kbb; 

•C*0, S<*BO(ii*, NO. , so. 7D>. 

-fi-m. BTx (-^>-bf> ^.'l-xL^. 7 

>. hij i»Dnx?-i>>SS(t:'Wa-'»ciy>(fc^. I»¥ 
ti* CS>m •» C-tfb^^tfl'^BfSffJfefi < BO D > ©St.©) 

a-josfes-f^r^ss, $*=>«<:(*, .{OS. isia 

(0 04 6] 3 ^tc. ±12 rw^'&JgJ tcti. TtWSESi* 
r«Si»!ej :*i8M. yK-SJ* 

[0047] itc. mi<o rm^ib^fmt^^mii. 

iHmtAofc&^r i tit. S*(t*ltt!SHc±E€'^#g? 
» i I:*:*® T tc i tg ^ I > -5 . 

: 0 0 4 8] coc'ct 5 v*.(*Tt:- < 1 > <D^m(cm.ft 
■r«*sn*. 

{ 0 0 4 9 J -'O --^ :'"»il±<^>i tol'*-C076i O 

y^'i'i'^'Ch, *gR*T. *t^>«^*> 



.^S) 10-180118 
3 

[ 0 0 5 0 ] ficowimn^msi&Ttsifj. tii. <>ii¥ • i»* 
b J: ^> i *s#»ja©a.i£ i «c J: , ciittass^nti: J: 
I'. 

[005 1] 

(*6SWl > ^^^>-7^•?-n-t;'^•+t'H 40. 5 t' 
(0. 1 2ino 1 > Srlft'kx^r^-M'? 5m I ( 5 'J 'J 
i-A.) tcmft:if--&?K=£SS-C3 0^*ra«l$LA:tt. 

< 7 5 m 1 ) , * ( £ - 6ml). 5^ ( 2 m I ) 
©i^^i{!«r!9>^<0iiiSm., lB5fa»i}$(.'A:». *f5 

[0052] S6K:. C<!)V\rl,jet«::^t>3-Ji«« 
t>. ^«t300rpm. m^i^\9i-L'X. tlliSm 
eL.fcX-7->u;^IB$8SH (SUS3 04 . 4cmx4 

SM?:, PrtSg«:*e.;9.U«>5 5 OXtcaS^t-Zc^ 

[0 05 3] «t*j, c<oitt^<ozmit*i'>ii. X» 

a©-'<*->©**sSSJ«>6hfc, Site. S c h e r I- e 
t C'iW»*5**!)A;«liS-?-tf -^X {d,.. >lil5. 5n 

5.1 m> ttiU-RIOlir^oA:. * 1 {m^fflSf . «fc.« 

[ 0 0 5 4 ] C ©- Sffc? >B]S(t7t«^*KM i 0 

( 0 0 5 5]* f, e;«sssfiE-iiju i^sb. i o o c 

c> <c. »t4<t£8dE6. 6inM >J«^U) «?it»-;)c^ 
{A7 Om I (i»|SiEWfi4 6 2 u mo 1 > «:An. 6E% 
42 O^fflffifiCfc. 2 5-C-CiBSiK»l/«?* 

ie>. 2 5 0 W©^iS)I*SS!rTA^ , U V 7 ^ .'l- - { St 
^jiSUV-3 1 ) tao-C485iHjfcBS««r1i^/<:. <-» 

0*1 mo I r*->fc <ra«K^sv> . 

[0056] <^te«2) ^^i'f'h^- I 

K 8 <:• t' * 5 0 m I w V 7" p « - ^KcUoit 'ciE^ 
jg?:i8O<t^l/tri'-5aEa*5 0 0m I (CSSTL.. -t 

r>y ^d&ia^tc, -xt'C. 8 0Xrc2 4H*ffiil«»i./> 
r v*?a«:?f . 5 i=> (c 2 (g ao? X ^s? y - -U 4 c i 
50 [ 0 0 5 7 1 ccovum^nt^ei I <oia-^tm!kic^^ 
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> U :^mmmi < S U S 3 O 4 : 4 c mx 4 c m 
aSA- 2 5 (■ '0<r,-^^mc xn. 3 0 ^HJ^L^Oi-caSl 
1 4 0 £T C i (C o r , - Bf (t ?■ * >SXElt.* 
[0058] -^te, C<^>itl».«0>-Beft?-5^>i*. X« 

( 0 0 5 9 ] c (0-m\t9 f >®^(k7t**is8*!£»U t- 

84*5 4 . 5 *i m o I r«»ofc. 
[ 0 0 6 G ] <l^tf!«l3 -^10) <#l«Stt«> 

[ 0 0 6 11 < ittm 1 ) SH.>!SB#tB15 6 (■ <Ji bfcW9f 

!=>n^cAi. S c h e I- r e r(D3^»#>*«>fc<&a^^t>--< 
X (cl,.. ) (j:3 2. Snm {aiaStS'T-SSiftStiCJ:^ 

Hiicti, 3 3. onm)c *«isctt^-r4aaa/» 

[ 0 0 6 2 1 c <0-m\tf f >ll«(bit»5«i«rfit«i O 
X . l^tfeW W 4 i |S){I<0-^^ C§S18fl>^!l?l^«r 
?T^:Ai, •C-o>«S»i*. Stl tcSi J: ^-tc, eifSi^^A? 
UL ^. 4«i>fi(* 0 . 3 ni o I -C. ±l2<^>J?ftP« l tctt 

10 0 6 31 ( lt»S«2 ) mmsSL^ 8 5 0 'Ci L-fctit 

cwitttfistt. xesiiilftwJSiP. ¥i&P[-^-ix 

*i3 5. 5nm(C;-r't*-:xSi7 0-8 0nm«>iia® 
[ 0 0 6 4 1 C «-ffift? S >H!*(b7e)S^*K»U t, 

tiOC-4.-7fc. 

[0 06 5 J <j?te«l 1 ) ?^*>7^h5'-n-:» + 
fK4 0. 5g <0. ! Smo ! > ii-'Jl-a-'Si.f'h 

D.'vy-.'t-^igO. 56 1 8 < ! . 2 X ! C'-'mo I > 
^m^s-'s y->i,l 5in 1 <CjQ;tA:iSS?e«:SS-C3 0 

jLir^-.'U {7 5ml ) 'k <2. 6 ni 

I ) . <2m! > <©iss?e«:ia>-7<otiaTL.. i 



(5) 10-180118 
10 

2 B« p5jSii4!*«5(^ -C ?^ ^ 7 -/.'l- i '.■'>\^ 2 - r vOK^iP. 
^-/^jft (2 r/T . = 1 mo ! 

[0066] S4.tC, C<i!;V.'U?C{«:, 1 KfcWS 

il^aw-Sa-C. x^'>l.:^SB«SM <SUS3 04 : 
4 c mX4 cffixi^s 1 mm> ±(C£ffi(./, 5 

[ 0 0 6 7 1 a 2 tc . c C'St-t^aic S ln.tc^1&& 

10 (-iiMti'.'i-a-'i'A*as-r«>-iSi<t?-5->) ®x« 
Vi'<f->\mit>ir>lnU!i">tc. Htc. S c h e r 1- e 

-ixia,,, >a20. 1 imf *>7fc. cfljtea^^^ 

<D3£a^ -tJ- -fX<32. 5 ft in > itb'^rW s 

20 iyi, 

[ 0 0 6 8 J CCC:«lltft7e«l<S«:S«4tOT:. |S5fe« 1 

(0069J i^mizt 'f-^uf-y-^- t -^ai» 

+ f K 8 0 e 4 5 0 m I © V o < - jKcfU sL fciP. 
^iStSttK HM!(./r(,'*a5S*5 0 Om I (cSSTt/. 

misnQo%) 'bs'&nKfc. 'Xt-'f. 80'c 
•c2 4BSHia}-4:(/. m'^rx-'mo. rKit?^f>*i 

30 +t'»g(t':^.'U3i'?A«:2. 7 3 t'j«^ (2 I-/T I = 

3 0!0 . +»«»0/c«. S6<C2(Saoc>x^f^ 

[00701 coc-y .'Uja^^SSM 1 ©tfi^iliatcx-? 
>u;^iBMSM (SUS3 04 : 4 cmX4 cmx®3 
1 min> ±(ii«ffit-, a»*5 0 (j-C c ^ C ^fafettt, 
fc. C©y.'Uig<iOaT5> feB£©<T«:4|BiS0ig-5-CitC 

j:-> c. e^fbitfsfi^^f'pai^fc. c(z;«w±®7t*i«a 

(di,. > til 9. 5 nnrCJb-^A:. 
40 [007 1 1 c ®@tElt76««t«:S<;»4 i (.« tT. « jd« 1 

[0 07 21 <|l!te«!3-17) t^^l-a-OA^-h^ 
-II -7-D.K*->K«:SW (S«A7 0%) -"TD 
.•«^-.'l-3g?e«a«: 1 8 9t'. 3. 3 7 t'. 6- 7 3 
t'. 10. Ig. 13. 4 8 t'fciCJ' 1 3. 48840 

feWfUi^-^'cStfefJii 1 iBi^<D:^Sr-Ar>ux$B 

50 it^f>)U. X»Uil«<Z;'5S.m, I2I£<C*-5'J:^'«C7^ 
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tcg-:5< lil«-t - t?\tS3Jf:>hnutf>'>tc 
[ 0 0 7 3 1 CtiiriOm&ititim^imt OC . SEtfe 

ttGfft 3 ( rjtibt-^-'U = - A*s*ailit?i®*-r 4a* 

[ 0 0 7 4] ( tht5«3 ) i'.'l- 2 ^i"? A-r h 5- - n - 7 
D:^{ + ->K«:SS <<ftja7 0%) ■?-4£-7D->y'-;l. 
jSigC'S* 16. 8 4 t' i b^<:li'.9l-iS:-r^r*5iif?ll 1 1 

lis. ia2K:;nrJ:^K:r+*-AaKS-:J<@»r-'«* 
[ 0 0 7 5 ] C C!>@€fbjtfM!«i*KM i O -C . K?*d« 1 



* 1*^ 1 tc*-^-iij«ir-, i^»•li^^t^i■»*^3n.^:A^•7 
A:, cnii, xsiittriiaa'isn-'jiO.r.feAV 
iti*2^^»A«:4s-&e<t«a <2 i T i o. ^) Ai^tc 

(00761 <s^te« 1 8 ) ^net i e x^maiLfcvn 

?e <T I /Zr = 1 8mo 1%> «:flBc>. •.«L'iai§f!?«:9 
! iP1ii<7>-^^i ex > U :x JBtSM if iB«ftjt« 

[ 0 0 7 7 ] c <ic:'@s(fc*tt«6*sii;M i r . mm I 

[0078] 



[ 0 0 7 9] ( ^M<H I 9 ) @€ffc7tlM!«lifl>P*^3i)** 

[ 0 0 8 0 ] S^«!iSIE•fe>^ <f*1SB5 1 0 0 c c> tc;^ 
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r t HtigBStfjtcaX.,. 1 2 0 tStWWgtf 
i-'^A ( 1 0 p pinfc'T> icfj:-,ti., 

( •) 0 8 2 1 < tt*3«4 ) imn 1 cfpaji/fcSTEft* 
[ 0 0 8 3 1 ^mm3tc^irK.7ii-r i-.'iK., i s o 9 

ft®7-b h r^W^t K«>SIJ?«a[liSej3 5 0 0 p pin 
aw; ri-vAi -,?<:. 

( 0 0 8 4 1 (|?tS«2 0 ) ©^lt*«it«ga>lA«5i!i«* 
itlg-r&fcJf>. :*:JgSl <Escherichiacol 
. W3 1 1 0«i> (C5ft-r*«irt»SI€:5EBi(./;rc. 

[00851 Si^^fiei 1 vf^mi^fctmitiXJ^iitm^ 

®t/:rcfll, ^»$:2. 5X10' IB/ra I ««?4iS« 
S'kO. 2m 1 (:>*:J8ffl8!i : 5 x i o' &) 0. 0 

•C. 48/PfSJ^9 5%(D^(*Tr-, 2 5 OWtaHE'kiRrt 

{.«2S!!UV -35) •SriibX ! 5 »RgifeM8*41f -^A: 

[ 0 0 8 6] -ecofS. is;»4cC'±wa«S4:!afiig'k9 . 
8n> irtfti'sso. <-n=£Smss^tgMiK#«sai... 

3 5Xr4 8«raSS<./fc», ^HUA:3P^-4sm 

*iKfiS (2-?- < fcc'Vi'gH (susao 

» ('en'C-n4. S x i O' (SfeJ:CJ'4. 7 X 1 0" 
(1) 4SiSiL C?7T>fe. 

[00871 ftl^^iC ttc J: -3C4??:/c 

immKt I. 6x10' ia<!:)'/o . 9.fitcV\mf!m» 

[0 088] <l?te«2 1 ) Sff i O CS;S« < 4 c m 
X4 cmx®3 1 mm) tWl^feWfl «t--^-C^tS« 1 

4. Snmtr^-yfc. 

[ 0 0 8 9 1 ir>l!€(l:i£«^«K$-U 
TWO. -7h^J'DDi?U>®fJH¥l?6it?ToA:, 

to. ?-^=.i7DDx»^>^*. sfeifii. ail*. Sii8*i>ig 

[ 0 0 9 (! ] * T, 5;S§!!S[G-b,'l' ( RSS ! 0 0 c 
c ) 3 0 p p m<Ojft{Scc-5- ^ 7 > o ox * u>«;*jg 



(8> iHa^ti 0-180118 

1< 

!ft4 Om I ^Kf\. <-<D^lcmA^i^^, SES* 20» 
'^.■<-3 >) >tf\^tdik. 2 5 0Wffli5ff'mjlTA^6. uv 
{$2i*UV-29> ■S:iiOr4^7tfiBjH 

las. f'h5'fcio**i.><J[>!*t««3. 2ppnnc« 

[ 0 0 9 1) (HteM2 2 > St-ti L. C8tflS.=^'SasJRl 
ffi (5cmx5cmx®S lmra> mWlHl* 
10 2»i(..fclr:.Wk*-r'^;lll6fi«^2 i|S)fS<^*^CSiiSSB 

[00921 {:<Z>*««*l«f4tO-Cffll', WT«>«W 
/<:. 

[0093] KH^Btc S .•<3 1 -<j!:<}<z:.-V'-*«iSlfl5tC 

SSS^ <3ft?]-«Sif^5mW/cm' ) Sttlr'^fAi^aitSt 
«rffl<, '-C^e© S3? i Ui>X> fiK^ft S»J«f 4 C 4 IC 
J:0. +':i<0®:J-«:S?«50yc. 
[00941 -eoC-ISa. blSi*, *ra«Hi?©!6. 5j!» 
^. 2B$Bao!>7gHgat-C(»ZOi//4. MA:S(C4>et^4 

Q>i: buvm^XT-^xi'-'iy, ^mmm Pi«<^ss; 

30 2Vim<^itW^iX\tB . 2i,C0iy>Uhr, ■'r-ktimsi 

mklCff^tit-im-yX^'iC, 
[ 0 0 9 5 ) 

SMit/trfiJR. ^5-;!^. ■fe5^5»i'SI«r«t,'n**. t;t 

[0096] ccDifcifeiSi*, if^ii^<c-nm7smc <*:n 
i>. 

50 ©XSIl*r0C*i, 



http://www4.ipdl.ncipi.go.jp/tjcontentdben.ipdl?N0000=2 1 &N0400=image/gif&N0401 ... 7/26/2006 



Page 1 of 1 



(9) ftra* 10-1801 18 



20;0 25:0 30:0 3S:0 40.0 

Cu-KaC ) 



20^0 29.0 30.0 3S.0 36.0 




0 59 too 150 200 280 



http://www4.ipdl.ncipi.go.jp/tjcontentdben.ipdl?N000()=21&N0400=image/gif&N0401... 7/26/2006 



Searching PAJ 



Page 1 of 1 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 1 0-1 801 1 8 

(43)Date of publication of application : 07.07.1998 



(51)Int.CI. 




SOU 35/02 
A61L 9/20 
SOU 21/06 

C02F 1/32 


(21)Application number : 09- 


-230553 


(71)Applicant : SUMITOMO METAL IND LTD 


(22)Date of filing: 27.( 


D8.1997 


(72)Inventor : MASAKI YASUHIRO 






YAO TADASHI 


(30)Priority 

Priority number : 08279258 


Priority date 


: 22.10.1996 Priority country : JP 



(54) nXED PHOTOCATALYST, PREPARATION THEREOF. AND METHOD FOR DECOMPOSITION- 
REMOVING HARMFUL SUBSTANCE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fixed photocatalyst which has high photocatalytic reaction 
efficiency and indicates good effects for the decomposition, etc., of dirt (sticking dirty substances) on 
the surface of solids and harmful substances in the air or drainage, a method for preparing the catalyst, 
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are decomposition-removed effectively by being irradiated with high energy light. The catalyst can be 
prepared by a method in which titania sol applied on the base material is heated at a prescribed 
temperature (250-800°G) and burned for a short time (within 30min). The use of titania sol added with 
a prescribed quantity of zirconium dioxide and/or zirconium salt can alleviate the burning conditions. 
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* NOTICES * 

JFO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The photocatalyst characterized by fixing to a base material front face the anatase titanium 
dioxide whose average microcrystal size is 5-30nm in the shape of a thin film. 
[Claim 2] The manufacture approach of the fixed photocatalyst according to claim 1 characterized by 
performing baking processing which heats to 250-800 degrees C, and is held less than 30 minutes at the 
temperature after applying a titania sol to a base material. 

[Claim 3] The manufacture approach of the fixed photocatalyst according to claim 1 characterized by 
performing baking processing at 300-1000 degrees C after applying to a base material the titania sol by 
which both the zirconium dioxide, and zirconium both [ either or ] were added so that Zr/Ti (mole ratio) 
may become less than 0.3. 

[Claim 4] The decomposition / clearance approach of the harmful matter characterized by irradiating the 
light of the energy more than a band gap at said fixed photocatalyst under the conditions which a fixed 
photocatalyst according to claim 1 and harmfiil matter contacted. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention has effectiveness in deodorization, antifouling (dirt prevention on the 
front face of a solid-state), sterilization, etc., has the operation which disassembles and removes harmful 
matter, such as an atmospheric pollutant or a pollutant under wastewater, and relates to the fixed 
photocatalyst which can apply photoelectricity chemistry, organic synthesis, etc. further, its manufacture 
approach, and the decomposition / clearance approach of the harmful matter using the photocatalyst. 
[0002] 

[Description of the Prior Art] If light is irradiated at a semi-conductor, the electron which has a reduction 
operation strong against the exposure side, and the electron hole which has the strong oxidation will be 
generated, and the molecule in contact with a semi-conductor will be disassembled by the oxidation 
reduction operation. 

[0003] such an operation of recent years and a semi-conductor, i.e., a photocatalyst operation, ~ NOx etc. ~ 
the attempt applied to various environmental clarification techniques, such as disassembly of an atmospheric 
pollutant, deodorization, antifouling, sterilization, and water purification, is performed energetically. 
However, there are very few examples put in practical use by the effectiveness of a photocatalysis being low 
in the actual condition. 

[0004] From the former, a semi-conductor photocatalyst is powdered and has been used in the condition 
made to suspend in a solution, or the condition of having fixed in the shape of a thin film on the base 
material. From a viewpoint of maintaining the activity of a photocatalyst highly, although an activity, in the 
large suspension condition of surface area is desirable, an activity in the condition which handling is easy 
and has broad application from a practical use side of having fixed can say that it is far promising. 
[0005] Therefore, the titanium-dioxide fixed photocatalyst which the various approaches of raising the 
activity of the photocatalyst (this is hereafter called "fixed photocatalyst") which fixed to the base material 
the semi-conductor which has a photocatalyst operation are proposed, for example, becomes JP,7-100378,A 
from the crystal of an anatase is indicated. This photocatalyst adds an alcoholic amine to the sol of the 
titanium dioxide used for spreading of a up to [ a base material ], and is manufactured by carrying out 
heating temperature up slowly to the burning temperature of 600-700 degrees C. However, since 
photocatalyst activity sufficient in this fixed photocatalyst is not acquired and an alcoholic amine cannot 
disperse easily, there is also a problem of requiring a lot of energy at the time of manufacture. 
[0006] Moreover, the manufacture approach of the fixed photocatalyst to which crystal growth of the 
particle of the titanium dioxide contained in it is carried out is indicated by JP,6-293519,A by carrying out 
hydrothermal processing of the titania sol used for spreading beforehand. Although this photocatalyst has 
comparatively high catalytic activity, the titania sol which carried out crystal growth is hard to be applied at 
homogeneity to a base material, and has the problem of being easy to exfoliate after baking. Furthermore, in 
order that solution concentration, temperature, a pressure, etc. may take delicate control to hydrothermal 
processing while it is a reaction under an elevated temperature and high voltage, it is not suitable for the 
mass production of a photocatalyst. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention is under the situation that it mentioned above, and 
its photocatalysis effectiveness is high. Therefore, the harmful matter contained in wastewater among 
deodorization, antifouling, antibacterial, and atmospheric air etc. The effectiveness which was excellent to 
(for example, disassembly of NOx, agricultural chemicals, an organic halogenated compound, etc.), 
defanging, etc. is shown. And it makes offering a suitable fixed photocatalyst and its suitable manufacture 
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approach, and the decomposition / clearance approach of the harmful matter using the photocatalyst also 

from fields, such as profitability, stability, and safety, as a technical problem. 

[0008] 

[Means for Solving the Problem] As a result of repeating examination that this invention person should 
develop the fixed photocatalyst which used the titanium dioxide and in which high reaction effectiveness is 
shown, after applying a titania sol to a base material, by calcinating and carrying out crystal growth It can 
consider as the anatase titanium dioxide whose average microcrystal size is 5-30nm. When the specific 
siirface area of the fixed titanium dioxide increased, and labile sites, such as a coordination partial saturation 
point and a lattice defect, increased and the enhancement effect of the oxidation reduction force was also 
further added at the time of a quantum size effect manifestation, it found out that photocatalyst activity 
improved remarkably. 

[0009] Moreover, the fixed photocatalyst which has such a property carried out the knowledge of 
manufacturing still more easily being possible by being able to manufacture by making baking after 
applying a titania sol to a base material front face into a short time, and adding the salt of the zirconium 
dioxide of the specified quantity, or a zirconium to the titania sol used for spreading further. 
[0010] This invention was made based on these knowledge, and the summary is in the fixed photocatalyst of 
following (1), (2), its manufacture approach of (3), and the decomposition / clearance approach of harmful 
matter of using the fixed photocatalyst of (4). 

[001 1] (1) The photocatalyst characterized by fixing to a base material front face the anatase titanium 
dioxide whose average microcrystal size is 5-30nm in the shape of a thin film. 

[0012] (2) The manufacture approach of a fixed photocatalyst given in the above (1) characterized by 
performing baking processing which heats to 250-800 degrees C, and is held less than 30 minutes at the 
temperature after applying a titania sol to a base material. 

[0013] (3) The manufacture approach of a fixed photocatalyst given in the above (1) characterized by 
performing baking processing at 300-1000 degrees C after applying to a base material the titania sol by 
which both the zirconium dioxide, and zirconium both [ either or ] were added so that Zr/Ti (mole ratio) 
may become less than 0.3. 

[0014] (4) The decomposition / clearance approach of the harmful matter characterized by irradiating the 
light of the energy more than a band gap at said fixed photocatalyst under the conditions to which the fixed 
photocatalyst and harmful matter of a publication contacted the above (1). 

[0015] Although the aforementioned "average microcrystal size" means the diameter of crystal grain which 
carried out direct observation with the transmission electron microscope fundamentally, since this value is 
well in agreement with the microcrystal size computed using the formula of Scherrer from the peak of 
ANATASU (dl 01) by the X diffraction, by this invention, which these values may be used for it as average 
microcrystal size. In addition, there is no semantics (definition) special to "an average", and even if there is a 
less than 5nm thing or a thing exceeding 30nm a little, the arithmetic mean of two or more microcrystal 
sizes should just be in within the limits which is 5-30nm. 
[0016] 

[Embodiment of the Invention] Hereafter, this invention (above (1) invention of - (4)) is explained to a 
detail. 

[0017] Invention of the above (1) is a fixed photocatalyst (this is called "fixed photocatalyst of this 
invention") characterized by being obtained as a result of carrying out crystal growth of the thin film-like 
titanium dioxide by baking, and the microcrystal size being within the limits of 5-30nm on an average, after 
applying a titania sol to a base material front face. 

[0018] In the fixed photocatalyst of this invention, the crystal structure of a titanium dioxide must be an 
anatase first. It is because a photocatalyst with high photocatalyst activity will not be obtained if it is not an 
anatase as the example mentioned later shows. 

[0019] Furthermore, it is required to be in within the limits the average microcrystal size (only henceforth 
"microcrystal size") of whose is 5-30nm. Microcrystal size's being less than 5nm is that the mean particle 
diameter of the titanium dioxide contained in a titania sol is about 5nm, and it is substantially difficult to 
manufacture the titanium dioxide of such a particle. On the other hand, if microcrystal size exceeds 30nm, 
photocatalyst activity will fall remarkably. 

[0020] Far-reaching ingredients, such as an ingredient of the arbitration chosen from organic materials, such 
as inorganic materials, such as various kinds of metallic materials, such as a steel plate which galvanized 
stainless steel, carbon steel, zinc, etc. or an aluminum plate, and a titanium plate, and ceramics, pottery, 
glass, resin, timber, and activated carbon, as a base material which fixes a titanium dioxide, or composite 
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material which consists of two or more sorts of them, can be used. The member to which paint has already 
been performed can also be used. Moreover, there may be no definition in any way also about the 
configuration of a base material, and you may be tabular [ of a thick plate, sheet metal, etc. ], a globular 
shape like a bead, or the complicated configuration offered as a product as it is. Moreover, porosity or the 
substantia compacta is sufficient as a front face. 

[0021] There is especially no definition about the thickness of a titanium dioxide. There is an inclination 
which shows such high photocatalyst activity that it generally becomes thick. However, since the 
improvement effectiveness of photocatalyst activity will not be accepted but exfoliation of the film etc. will 
become easy to take place if thickness exceeds 2 micrometers, it is desirable that it is 2 micrometers or less. 
[0022] By the light from sunlight, a fluorescent lamp, the black light, a mercviry- vapor lamp, a xenon LGT, 
etc., this fixed photocatalyst discovers a photocatalyst operation and shows the effectiveness which was 
excellent to disassembly of the harmfiil matter contained in wastewater among antibacterial, deodorization, 
antifouling, and atmospheric air etc., defanging, etc. Moreover, this fixed photocatalyst is excellent in 
stability, safety (there is no toxicity), etc., can be suitably used as inner package material, building materials, 
glass, a panel, a tile, etc., is faced using it, and does not need energy at all (energy saving), but it also has the 
advantage of being maintenance free. 

[0023] Invention of the above (2) is the manufacture approach of the fixed photocatalyst the above (1), and 
after it applies a titania sol to a base material, it is the approach of performing baking processing which heats 
to 250-800 degrees C (burning temperature), and carries out short-time (less than 30 minutes) maintenance 
at the temperature. 

[0024] Preparation of a titania sol can be performed by making water suspend the titanium dioxide (5-1 Onm) 
of a super-particle, or hydrolyzing titanium tetra-alkoxides, such as a titanium tetra-methoxide, titanium 
tetra-ethoxide, titanium tetra~n-propoxide, titanium tetra~i-propoxide, and titanium tetra~n-butoxide, 
titanium acetyl acetonate, a titanium tetrachloride, etc. Moreover, to a sol, alcoholic amines, such as 
diethanolamine and triethanolamine, and desiccation inhibitors, such as 1,3 -propanediol, may be added. 
[0025] Thus, the mean particle diameter of the titanium dioxide contained in the obtained titania sol is about 
5-1 Onm, and let it be the titanium-dioxide fixed photocatalyst of desired microcrystal size (5-30nm) by 
making a base material front face apply, calcinate and carry out crystal growth of this. 
[0026] Spin coating, DIP coating, spray coating, bar coating, etc. can perform spreading of the titania sol to 
a base material. 

[0027] Although a fixed photocatalyst is obtained by calcinating after applying a titania sol to a base 
material, since sintering of metallic oxides, such as a titanium dioxide fixed in the shape of a thin film on the 
base material fix)nt face, takes place very promptly and crystal grain becomes large, on the usual baking 
conditions, the fixed photocat^yst of this invention with which the microcrystal size mentioned above 
consists of a titanium dioxide in the range which is 5-3 Onm is not obtained. 

[0028] Then, baking is performed on condition that predetermined [ above ]. That is, after heating to burning 
temperature after applying a titania sol to a base material, and carrying out predetermined time maintenance 
at the temperature, baking processing to cool is performed. Baking is good in a line with the condition (room 
temperature condition) of having applied, or may be performed from the condition of having dried around 
after [ spreading ] 100 degrees C. 

[0029] Let burning temperature be a 250-800-degree C temperature region. When burning temperature is 
lower than 250 degrees C, a titanium dioxide is still amorphous, on the other hand, if it exceeds 800 degrees 
C, crystal grain will grow and it will become large too much, or rutile ** appears, and the fixed 
photocatalyst which has high photocatalyst activity is not obtained. 

[0030] It is desirable to perform heating to burning temperature quickly. When heating is not performed 
quickly, by the time it reaches the aforementioned burning temperature, sintering of a titanium dioxide 
progresses too much, and crystal grain may make it big and rough. A desirable heating rate is above by 30- 
degree-C/. In addition, in order to heat quickly, the heat treating furnace is beforehand heated to 
predetermined temperature, and it is suitable to use the approach of inserting in directly the base material 
which applied the titania sol into it etc. 

[0031] The holding time (firing time) after reaching burning temperature is made into less than 30 minutes. 
Since width of face is in burning temperature, when it is actually set as the lower temperature in the 
aforementioned temperature requirement as a burning temperature, firing time is lengthened, and when it is 
set as higher temperature, it adjusts shortening etc. suitably. In addition, it is desirable when making burning 
temperature into the range of 400-700 degrees C, and making firing time into less than 10 minutes obtains 
the fixed photocatalyst which has high photocatalyst activity. 
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[0032] Although after baking is cooled, it is desirable to also perform cooling quickly. If a cooling rate is 
small, the fixed photocatalyst which consists of a titanium dioxide of the anatase which sintering may 
progress too much like the case where it is heating, and has desired microcrystal size will not be obtained. 
20-degree-C thing considered as the above by /of a cooling rate is desirable. In addition, approaches, such as 
air cooling and water cooling, can be used as an approach of cooling quickly. 

[0033] The aforementioned invention of (3) is the manufacture approach of the fixed photocatalyst the 
above (1) as well as invention of (2), and after it applies to a base material the titania sol by which both the 
zirconium dioxide, and zirconium both [ either or ] were added so that Zr/Ti (mole ratio) may become less 
than 0.3, it is the approach of performing baking processing at 300-1000 degrees C. 

[0034] The zirconium dioxide added by the titania sol distributes and exists in the interior (inside of crystal 
grain) or the grain boundary of a crystal of a titanium dioxide, and grain growth of ANATASU ** at the 
time of baking of a titaniiun dioxide is suppressed according to a kind of pin stop effectiveness by it. 
Moreover, addition of a zirconium dioxide is effective also in control of tfie transition to the rutile with low 
photocatalyst activity which happens at the time of elevated-temperature baking of 800 degrees C or more 
from ANATASU. In addition, since a zirconium salt also becomes oxide easily at the time of baking, it has 
the same operation effectiveness as the case where a zirconium dioxide is added. 

[0035] Therefore, even when separating a little from the burning temperature specified by invention of the 
above (2) by adding these zirconium dioxides and/or a zirconium salt, or firing time, it becomes possible to 
manufacture the fixed photocatalyst which consists of a titanium dioxide with small microcrystal size. That 
is, baking conditions can be eased and the fixed photocatalyst of this invention can be manufactured still 
more easily. 

[0036] A zirconium dioxide can be prepared as a zirconia sol by making water suspend the zirconium 
dioxide (5-lOnm) of a super-particle, or hydrolyzing zirconium tetra-alkoxides, such as zirconium tetra—n- 
propoxide, zirconium tetra~i-propoxide, and zirconium tetra— n-butoxide, a zirconium tetrachloride, etc. 
Moreover, zirconium oxychloride, zirconium nitrate, etc. can be used as a zirconium salt. 
[0037] Although an above-mentioned zirconia sol or an above-mentioned zirconium salt may be added to 
the titania sol prepared separately, prepziration of the titania sol which added the zirconium dioxide and/or 
zirconium salt which are used for spreading can be performed simple by mixing the zirconium tetra- 
alkoxide or the zirconium salt beforehand to the titanium tetra-alkoxide etc., in case a titania sol is prepared. 
[0038] The amount of the zirconium dioxide added to a titania sol and/or a zirconium salt is made less than 
into 0.3 (however, 0 does not contain) by Zr/Ti (mole ratio), if Zr/Ti (mole ratio) becomes more than 0.3 
(that is, the amount of Zr to Ti 30-mol%) ~ baking ~ the multiple oxide 4 of titanium and a zirconivmi, for 
example, ZrTiO, etc. ~ in order that generation may have priority and start, photocatalyst activity falls 
remarkably. It is 12-18-mol% preferably [ it is desirable and ] to 1-18-mol % and a pan. 
[0039] Burning temperature is made into 300-1000 degrees C. Since it will become amorphous if burning 
temperature is lower than the minimum of this temperature region, and it will become rutile ** if an upper 
limit is exceeded, as for the high fixed photocatalyst of photocatalyst activity, neither of the cases is 
acquired. 

[0040] Since the zirconium dioxide has controlled effectively grain growth of ANATASU *♦ at the time of 
baking of a titanium dioxide, heating to burning temperature may be performed on conditions quite milder 
than the heating conditions in the manufacture approach of the above (2). Although there is especially no 
definition in the condition, a desirable heating rate is above by 3-degree-C/. 

[0041] There is especially no definition also about the holding time (firing time) after reaching burning 
temperature. However, since productive efficiency will fall and it will become the factor of a cost rise if 
long duration is covered too much, considering as less than 2 hours is desirable. 
[0042] Although you may carry out on mild conditions about cooling after baking as well as heating 
compared with the approach of (2), desirable conditions are above by 3-degree-C/. 

[0043] According to the above (2) and the approach of (3), the fixed photocatalyst of this invention can be 
comparatively manufactured easily by low cost, without needing a special means. 

[0044] Invention of the above (4) is the approach of using the fixed photocatalyst of invention of (1), and 
disassembling and removing especially harmfril matter, and is the approach of irradiating the light of the 
energy more than a band gap at said photocatalyst under the conditions which such fixed photocatalysts and 
harmfril matter contacted. That is, the light of the energy which is sufficient for the electron of the 
considerable number in the filled band in the crystal which constitutes said photocatalyst from under the 
condition that harmfril matter can receive the catalysis of a fixed photocatalyst moving to an empty band 
(conduction band) over a forbidden bsind is irradiated. 
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[0045] "Harmful matter" here is the matter which has an adverse effect on the body, or matter with the 
possibility. Specifically The matter contained in exhaust gas, such as NOx, SOx, chlorofluocarbon, 
ammonia, and a hydrogen sulfide, or atmospheric air. To organic compounds, such as aldehydes, amines, 
mercaptans, alcohols, BTX (benzene, toluene, xylene), and phenols, and a pan Organic halogenated 
compounds, such as trihalomethane and a trichloroethylene, a herbicide. Various agricultural chemicals, 
such as a germicide and an insecticide, protein, and amino acid are begun. The matter with various high 
biochemical oxygen demand (BOD), Things further contained [ microorganisms /, such as bacteria, an 
Actinomyces, a fungus, and algae, ] mainly during wastewater, such as inorganic compounds, such as a 
siuiactant, a cyanide compound, and a sulfur compound, and various heavy meted ions, dxc mentioned. 
[0046] Furthermore, "the quality of an affix" which adheres to the front face of the multifunctional member 
which used a photocatalyst or it directly above "harmfiil matter" is contained. For example, they are an oil 
besides funguses, such as Escherichia coli. Staphylococcus, Pseudomonas aeruginosa, and mold, the tar of 
tobacco, a fingerprint, raindrops, mud, etc. 

[0047] Moreover, a fixed photocatalyst is placed into the gas of air and others by which the above- 
mentioned harmfiil matter else [ when the above-mentioned harmful matter has adhered to the fixed 
photocatalyst directly ] is contained, and the liquid of water and others, and "the bottom of the condition 
which a fixed photocatalyst and harmful matter contacted" of the above says the case where it is under the 
condition that harmful matter can receive the catalysis of a photocatalyst. 

[0048] If the light of the energy more than a band gap is irradiated under such conditions at the fixed 
photocatalyst of invention of (1), a photocatalyst operafion will be discovered, and harmful matter will be 
disassembled and removed effectively. 

[0049] As a light of the energy more than a band gap, light including ultraviolet rays is desirable, there is 
light from sunlight, a fluorescent lamp, the black li^t, a mercury-vapor lamp, a xenon LGT, etc., and, 
specifically, these can be used as the light source. The light which includes especially the near ultraviolet 
ray whose wavelength is 300-400nm is desirable. 

[0050] What is necessary is just to define a dose, irradiation time, etc. of light suitably with the amount of 

the harmful matter which it is going to disassemble and remove etc. 

[0051] 

[Example] 

(Example 1) After stirring the mixed liquor which added titanium tetra~n-butoxide 40.5g (0.12 mols) to 
dehydration ethanol 75ml (milliliter) for 30 minutes at a room temperature, it cooled using the ice bath. 
Then, after dropping slowly the mixed liquor of ethanol (75ml), water (2.6ml), and a nitric acid (2ml) and 
stirring it into this mixed liquor for 1 hour, transparent titania sol liquid was obtained for stirring 
continuously [ it took out from the ice bath, returned to the room temperature, and / for 1 2 hours ]. 
[0052] Furthermore, it applied on the base material made from stainless steel (1mm in SUS304:4cmx4cmx 
thickness) which carried out mirror polishing of this sol liquid as rotational fi-equency 300rpm and holding- 
time 1 minute using the spin coater. After that, promptiy, this base material was cooled in ejection and air, 
after putting whenever [ fiimace temperature ] into the electric heat fijmace beforehand set as 550 degrees C 
and calcinating it for 3 minutes. The fixed photocatalyst which made the titanium dioxide form in a stainless 
steel front face in the shape of a thin film was produced by repeating spreading of this sol liquid, and baking 
actuation 4 times. 

[0053] In addition, as a result of an X diffraction's investigating the titanium dioxide of this photocatalyst, as 
shown in drawing 1 , only the pattern of ANATASU ** was accepted. Moreover, the microcrystal size 
(dlOl) for which it asked from the formula of Scherrer was 15.5nm, and was the almost same value as the 
diameter (about 1 5nm) of crystal grain observed with the transmission elecfron microscope. Burning 
temperature, firing time, and microcrystal size are shown in a table 1 . 

[0054] The decomposition experiment of an acetic acid was conducted by making this titanium-dioxide 

fixed photocatalyst into a sample. 

[0055] First, a sample and 70ml (the acetic-acid content mol of 462micro) of acetic-acid water solutions of 
concentration 6.6mM (millimol) were put into the reaction eel made from a quartz (100 cc of inner 
capacity), and oxygen was ******(ed) in it for 20 minutes. Subsequently, the optical exposure was 
performed through the UV filter (Toshiba UV- 31) from the ulfrahigh pressure mercury lamp of 250W for 4 
hours, carrying out porcelain stirring at 25 degrees C. Then, as a result of ion chromatography's analyzing 
the amount of the acetic acid contained in a water solution, the decrement by disassembly of an acetic acid 
was SOmicromol (it displays on this table). 

[0056] (Example 2) It was dropped at 500ml of distilled water which has agitated violently the mixed liquor 
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which added titanium tetra~i-propoxide 80g to 50ml isopropanol, and 5g (a nitric acid means a nitric acid 
60% hereafter 60%) of nitric acids was added after that. Subsequently, it agitated at 80 degrees C for 24 
hours, and condensed under the vacuum, the titania sol liquid which contains a titanium dioxide 15% of the 
weight was obtained, and it considered as the sol liquid for spreading by adding the ethanol of the amount of 
2 double to a pan. 

[0057] After applying this sol liquid like the case of an example 1 on the base material made from stainless 
steel (1mm in SUS304:4cmx4cmx thickness), it dried in air for 30 minutes, it put into the electric heat 
furnace whenever [ fiimace temperature / whose ] is 250 degrees C, and after calcinating for 30 minutes, it 
cooled in ejection and air. The titanium-dioxide fixed photocatalyst was produced by repeating spreading of 
this sol liquid, and baking actuation 4 times. 

[0058] In addition, the titanium dioxide of this photocatalyst was an anatase as a result of an X diffraction's 
investigating, and that microcrystal size (dlOl) was about 6.0nm. Burning temperature, firing time, and 
microcrystal size are shown in a table 1 . 

[0059] Also in the example 1, the decomposition experiment of an acetic acid was conducted by the same 
approach by making this titaniiun-dioxide fixed photocatalyst into a sample. Although the result was shown 
in a table 1, the decrement by disassembly of an acetic acid was 54.5micromol. 

[0060] (Examples 3-10) Except [ all ] having considered as the conditions which show baking conditions 
(burning temperature and firing time) in a table 1 , the titanium-dioxide fixed photocatalyst was obtained by 
the same approach as an example 1 , and, similarly the decomposition experiment of an acetic acid was 
conducted by the same approach in the example 1 . The result was as being shown in a table 1 . 
[0061] (Example 1 of a comparison) The titanium-dioxide fixed photocatalyst was produced by the same 
approach as an example 1 except having made firing time into 60 minutes. Although only the peak of 
ANATASU ** was accepted as the titanium dioxide of this photocatalyst was shown in drawing 1 as a result 
of an X diffraction, the microcrystal size (dlOl) for which it asked from the formula of Scherrer was 32.5nm 
(by observation by the transmission electron microscope, it is 33.0nm), and was that from which it sepeirates 
from the range specified by this invention. 

[0062] Also in the example 1 , the decomposition experiment of an acetic acid was conducted by the same 
approach by making this titanium-dioxide fixed photocatalyst into a sample. As the result was shown in a 
table 1, the decrement by disassembly of an acetic acid was 0.3micromol, and was remarkably low 
compared with the above-mentioned example 1 . 

[0063] (Example 2 of a comparison) The titanium-dioxide fixed photocatalyst was obtained by the same 
approach as an exeimple 1 except having made burning temperature into 850 degrees C. This photocatalyst 
suited the condition tiiat ANATASU ** whose microcrystal size is 35.5nm, and rutile ** which has a 70- 
80nm diameter of crystal grain were intermingled, as a result of the X diffraction. 

[0064] Also in the example 1 , the decomposition experiment of an acetic acid was conducted by the same 
approach by making this titanium-dioxide fixed photocatalyst into a sample. Consequently, as shown in a 
table 1, the amoimt of decomposition of an acetic acid was 0. 

[0065] (Example 1 1) After stirring the mixed liquor which added 0.56 Ig (1 .2x10 to 3 mol) of 2-propanol 
solutions containing (70% of concenfration) titanium tefra~n-butoxide 40.5g (0.12 mols) and zirconium 
tefra~n-propoxide to dehydration ethanol 75ml for 30 minutes at a room temperature, it cooled using the ice 
bath. Then, after dropping slowly the mixed liquor of ethanol (75ml), water (2.6ml), and a nitric acid (2ml) 
and stirring it into this mixed liquor for 1 hour, the mixed sol liquid (Zr/Ti=one-mol%) of a titania sol and a 
zirconia sol was obtained for stirring continuously [ it took out from the ice bath, returned to the room 
temperature, and / for 12 hours ]. 

[0066] Furthermore, this sol liquid was applied by the same approach also in the example 1 on the base 
material made from stainless steel (1mm in SUS304:4cmx4cmx thickness), and was calcinated for 60 
minutes at 550 degrees C among air. The fixed photocatalyst which uses stainless steel as a base material 
was produced by repeating spreading of this sol liquid, and baking actuation 4 times. 

[0067] X diffraction drawing of the photocatalyst (titanium dioxide containing a zirconium dioxide) formed 
in this base material front face at drawing 2 is shown. The titaniimi dioxide was an anatase so that it might 
illustrate. On the other hand, the diffraction pattem based on a zirconium dioxide was not accepted. 
Moreover, the microcrystal size (dlOl) of titanium-dioxide ANATASU ** for which it asked from the 
formula of Scherrer was 20.1rmi. This microcrystal size is clearly small compared with the microcrystal size 
(32.5nm) of the sample of the aforementioned example 1 of a comparison prepared on the same baking 
conditions, and it turns out that sintering of a titanium dioxide was controlled by addition of a zirconium 
dioxide, and big and rough-ization of crystal grain was prevented. 
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[0068] Also in the example 1, the decomposition experiment of an acetic acid was conducted by the same 
approach by making this fixed photocatalyst into a sample. The result was as being shown in a table 1 . 
[0069] (Example 12) It was dropped at 500ml of distilled water which has agitated violently the mixed 
liquor which added titanium tetra~i-propoxide 80g to 50ml isopropanol, and 5g (60%) of nitric acids was 
added after that. Subsequently, it agitated at 80 degrees C for 24 hours, and condensed under the vacuum, 
and the titania sol liquid which contains a titanium dioxide 15% of the weight was obtained. After adding 
2.73g of zirconium oxychlorides (Zr/Ti=three-mol%) and agitating them enough in the sol liquid, the sol 
liquid for spreading was obtained by adding the ethanol of the amount of 2 double to a pan. 
[0070] This sol liquid was applied like the case of an example 1 on the base material made from stainless 
steel (1mm in SUS304:4cmx4cinx thickness), and was calcinated for 60 minutes at 500 degrees C among 
air. The fixed photocatalyst was produced by repeating spreading of this sol liquid, and baking actuation 4 
times. The photocatalyst on this base material consists of ANATASU **, and tiiat microcrystal size (dlOl) 
was 19.5nm. 

[0071] Also in the example 1, the decomposition experiment of an acetic acid was conducted by the same 
approach by making this fixed photocatalyst into a sample. The result was as being shown in a table 1 . 
[0072] (Examples 13-17) The fixed photocatalyst which uses stainless steel as a base material by the same 
approach as an example 1 1 was produced except [ all ] having set the amount of the 2-propanol solution 
containing (70% of concentration) zirconium tetra— n-propoxide to 1.69g, 3.37g, 6.73g, lO.lg, 13.48g, and 
13.48g. As the photocatalyst (titanium dioxide containing a zirconium dioxide) formed in this base material 
fi'ont face was shown in drawing 2 as a result of an X diffraction, only the peak of ANATASU ** was 
accepted, and the diffraction peak based on a zirconium dioxide was not accepted. 

[0073] Also in the example 1, the decomposition experiment of an acetic acid was conducted by the same 
approach by making these fixed photo catalysts into a sample. A result is as being shown in a table 1, and it 
far exceeded the amount of decomposition of an acetic acid compared with the example 3 (fixed 
photocatalyst with which a zirconium dioxide exceeds the amoimt specified by this invention) of a 
compeirison shown below. 

[0074] (Example 3 of a comparison) The fixed photocatalyst which uses stainless steel as a base material by 
the same approach as an example 1 1 was produced except [ all ] having set the amount of the 2-propanol 
solution containing (70% of concentration) zirconium tetra-n-propoxide to 16.84g. As the photocatalyst 
(titanium dioxide containing a zirconium dioxide) formed in this base material front face was shown in 
drawing 2 as a result of an X diffraction, the diffraction pattern based on ANATASU ** was not accepted at 
all. 

[0075] Also in the example 1, the decomposition experiment of an acetic acid was conducted by the same 
approach by making this fixed photocatalyst into a sample. A result is as being shown in a table 1 , and most 
acetic acids were not disassembled. Although this was not observed by the X diffraction, the multiple oxides 
(ZrTi04 etc.) of titanium and a zirconium mainly generate it, and it is because photocatalyst activity 
decreased remarkably. 

[0076] (Example 1 8) The fixed photocatalyst which uses stainless steel as a base material by the same 
approach as an example 1 1 was produced using the sol liquid (Ti/Zr=18-mol%) prepared in the example 16 
except [ all ] having set burning temperature into 900 degrees C, and having set firing time as for 3 minutes. 
The photocatalyst formed in this base material front face consists of microcrystal size 25.5nm ANATASU 
**, and rutile ** was not contained. 

[0077] Also in the example 1, the decomposition experiment of an acetic acid was conducted by the same 
approach by making this fixed photocatalyst into a sample. The result was as being shown in a table 1 . 
[0078] 
[A table 1] 
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[0079] (Example 19) In order to check the deodorization effectiveness of a fixed photocatalyst, the 
acetaldehyde was assumed to be an offensive odor component and the decomposition experiment was 
conducted. 

[0080] The fixed photocatalyst produced in the example 16 in the reaction eel made from a quartz (100 cc of 
content volume) was put in, and it connected with the closeout circulation line (350ml of sum total content 
volume). The optical exposure was performed through the dimming filter and the UV filter (Toshiba UV- 
31) fi-om 250W ultrahigh pressure mercury lamp, introducing in a system the acetaldehyde (5000 ppm) 
diluted with air, and circulating it (ultraviolet-rays on-the-strength 1 5 mW/cm2). In addition, the decrement 
by decomposition of an acetaldehyde was measured using the gas chromatograph connected to the line. 
[008 1 ] Consequently, as shown in drawing 3 , the acetaldehyde decreased with time and was set to 
undetectable level (10 ppm or less) after 120 minutes. 

[0082] (Example 4 of a comparison) Also in the example 19, the decomposition experiment of an 
acetaldehyde was conducted by the same approach using the fixed photocatalyst produced in the example 1 
of a comparison. 

[0083] The residual concentration of the acetaldehyde of 120 minutes after was about 3500 ppm, and there 
were few amounts of decomposition of an acetaldehyde far compared with an example 1 9 so that it might be 
shown for showing a result in drawing 3 . 

[0084] (Example 20) In order to check the antibacterial effectiveness of a fixed photocatalyst, the 
bactericidal effect over Escherichia coli (Escherichiacoli W31 10 share) was investigated. 
[0085] It is the Escherichia coli after sterilizing the fi-ont face by ethanol 70% beforehand, using as a sample 
the fixed photocatalyst produced in the example 1 2.5x105 It divided at a time into 0.025ml eight drops 
0.2ml (the number of Escherichia coli: 5x104 individual) of physiological salines included an individual/ml, 
and they were dropped at the fi-ont face. Subsequently, the optical exposure was performed for 15 minutes 
through the dimming filter and the UV filter (Toshiba UV- 35) from the upper part under conditions of 95% 
of relative humidity using 250W ultrahigh pressure mercury lamp (ultraviolet-rays on-the-strength 1 
mW/cm2). 
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[0086] Then, after having flushed the ftmgus liquid on a sample by 9.8ml of physiological salines, carrying 
out dilution **** of it at the standard agar medium and cultivating at 35 degrees C for 48 hours, the number 
of micro organisms was measured by carrying out counting of the grown colony. What trickled the 
physiological saline which antibacterial assessment is the same conditions and contains Escherichia coli into 
the base material (SUSS 04) front face which does not form the titanium dioxide (coating), and carried out 
the optical exposure for 1 5 minutes. About what trickled into the front face of the fixed photocatalyst 
produced in the example 1 , and was held to the dark place for 15 minutes, it carried out on the basis of the 
number of micro organisms (it is 4.8x105 individual and 4.7x105, respectively individual) measured like the 
above. 

[0087] Consequently, the number of survival Escherichia coli is 1.6x103 by carrying out an optical 
exposure. It became an individual and antibacterial [ outstanding ] was accepted. 

[0088] (Example 21) The fixed photocatalyst which made the titanium dioxide form in a quartz plate front 
face in the shape of a thin film by the same approach as an example 1 was produced except [ all ] having 
used the quartz plate (1mm in 4cmx4cmx thickness) as a base material, the result of having investigated the 
crystal structure of this photocatalyst according to the X diffraction ~ a titanium dioxide ~ ANATASU ** — 
it changes and that microcrystal size was [ from ] 14.5nm. 

[0089] The decomposition experiment of tetrachloroethylene was conducted using this titanimn-dioxide 
fixed photocatalyst as a sample. In addition, tetrachloroethylene is matter which is used as solvents, such as 
a detergent, a fat, and resin, and is regarded as questionable as one of the contamination factors of an 
underground water. 

[0090] First, after having put 40ml of water solutions of tetrachloroethylene with a concentration of 30 ppm 
into the reaction eel made from a quartz (100 cc of content volume), dipping the sample into it and carrying 
out bubbling of the oxygen for 20 minutes, the optical exposure was performed through the UV filter 
(Toshiba UV- 29) from 250W ultrahigh pressure mercury lamp for 4 hours. Then, the quantum of the 
amount of the tetrachloroethylene contained in a water solution was carried out using the gas 
chromatograph. Consequently, the concentration of tetrachloroethylene was decreasing to 3.2 ppm. 
[0091] (Example 22) The fixed photocatalyst which made the titanium dioxide form in a paint steel plate 
front face in the shape of a thin film by the same approach as way ******** 2 was produced except having 
made firing time into 2 minutes, using the paint steel plate (1mm in 5cmx5cmx thickness) of a resin system 
as a base material. As a result of an X diffraction's investigating the crystal structure of this photocatalyst, a 
titanium dioxide consists of ANATASU *♦ and that microcrystal size was 5,8nm. 

[0092] The clearance trial of the tar of the tobacco made to adhere to a sample front face in the following 
ways was performed using this photocatalyst as a sample. 

[0093] After making the tar of tobacco 1 duty adhere to a sample front face compulsorily, reduction in tar 
was evaluated by measuring b value change which serves as a yellow rule of thumb from 250W ulfrahigh 
pressure mercury lamp using a color difference meter while performing an optical exposure (ultraviolet-rays 
on-the-sfrength 5 mW/cm2) through a dimming filter and a UV filter (Toshiba UV- 35). 
[0094] Consequently, b value was set to about 0 by the optical exposure of 16.5 to 2 before an optical 
exposure hours, and since the color (white) of the paint used also for appearance as a base material revived, 
it was checked that tar is removed effectively. When the same trial was performed using the paint steel plate 
which omits the above processings on the other heuid, b value was not set to 8.2 by the optical exposure of 
1 3 .4 to 2 before an optical exposure hours, but tar remained considerably on the sample front face. 
[0095] 

[Effect of the Invention] The fixed photocatalyst of this invention has high labile, and the effectiveness 
which was excellent to decomposition of the harmful matter under atmospheric air or wastewater, the 
quality of a dirt affix, etc. and clearance is shown. Therefore, if a metal, glass, a ceramic, etc. are used as a 
base material, members to which the operation effectiveness, such as antibacterial, deodorization, ****, 
antifungal, and disassembly of an environmental pollutant, was given, such as inner package material and 
building materials, can be offered easily. Especially, according to the decomposition / clearance approach of 
the harmful matter of this invention, the harmful matter also including the various quality of an affix which 
has an adverse effect on the body or has the possibility can be disassembled and removed effectively. 
[0096] According to the manufacture approach of this invention, this photocatalyst may not need a special 
facility and actuation using a comparatively cheap raw material, and its firing time may be short, and it can 
be manufactured by low cost compared with the conventional fixed photocatalyst. 
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(54) BUILDING MATERIAL FOR EXTERNAL WALL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To keep the water-repellent 
property of a surface and prevent the surface from getting 
dirty, by forming a surface layer containing photocatalyst 
particles, water-repellent silicone, and a substance preventing 
the water-repellent silicone from getting hydrophilic owing to 
the photoexcitation of the photocatalyst, on a base material 
surface. 

SOLUTION: A surface layer containing photocatalyst particles 
such as anatase type titanium oxide, zinc oxide, tin oxide, 
water-repellent silicone, a substance such as cobalt or cobalt 
compounds preventing the water-repellent silicone from getting 
hydrophilic owing to the photoexcitation of the photocatalyst, is ; 
formed on the base material surface of a building material for an 
external wall such as glazed tiles, non-glazed tiles, bricks. 
Cobalt alloy, cobalt oxide, etc., are favorable for cobalt 
compounds and the film thickness of the surface layer is 
favorably made 0.4^m or thinner. In this way, white turbidity 
resulting from diffuse reflection of light can be prevented and 
the surface layer becomes substantially transparent. And 

further, color development of the surface layer resulting from interference of light can be prevented by 
making the film thickness 0.2|am or thinner. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Building materials for outer walls characterized by forming the surface layer containing a 
photocatalyst particle, water-repellent silicone, and the matter for preventing the hydrophilization by optical 
pumping of said photocatalyst of said water-repellent silicone in a base material front face. 
[Claim 2] Building materials for outer walls characterized by forming the layer containing a photocatalyst 
particle and water-repellent silicone in a base material front face, and fixing the matter for preventing the 
hydrophilization by optical pumping of said photocatalyst of said water-repellent silicone to a part of the 
layer front face [ at least ] fiirther. 

[Claim 3] The matter for preventing the hydrophilization by optical pumping of said photocatalyst is the 
building materials for outer walls given in claims 1 and 2 characterized by being cobalt or a cobalt 
compound. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention relates to dirt at the building materials for pile antifouling property 
outer walls with the dirt by products of combustion, such as soot dust and exhaust gas, the dirt eluted from 
the sealant in the upper part, the pollutant discharged from the exhaust port of a building. 
[0002] 

[Description of the Prior Art] The outer wall of a skyscraper, a residence, etc. becomes dirty with the dirt by 
products of combustion, such as soot dust and exhaust gas, the dirt eluted from the sealant in the upper part, 
the pollutant discharged from the exhaust port of a building. These dirt is dark and spoils the fine sight of a 
building remarkably. If it is furthermore going to clean a skyscraper outer wall, the cleaning is the operation 
in height, and while it is hard work, it will be accompanied by risk. 
[0003] 

[Problem(s) to be Solved by the Invention] Then, dirt is expected the building materials for pile outer walls. 
[0004] It is known that it is good to give water repellence to a base material front face as an approach of 
preventing adhesion of dirt. If water repellence is given to a base material front face, since surface energy 
will become remarkably small, a dirt component becomes being hard to adhere. There is the approach of on 
the other hand forming in a base material front face as law the siirface layer which consists of water- 
repellent silicone. However, with this configuration, when dirt adheres with time, a contact angle with water 
falls to about 70 degrees, and water-repellent effectiveness does not continue. Then, there is the approach of 
forming in a base material front face the surface layer which consists of a photocatalyst and water-repellent 
silicone as other approaches of solving the above-mentioned technical problem. According to this approach, 
the dirt which adheres with time can be disassembled based on the oxidative degradation nature of a 
photocatalyst. However, with this configuration, if it exposes to sunlight outdoors, since silicone carries out 
hydrophilization by optical pumping of a photocatalyst, surface water repellence is unmaintainable. It aims 
at offering the building materials for outer walls which can carry out rear-spring-supporter maintenance of 
the surface water repellence at a long period of time in view of the above-mentioned situation, with 
providing dirt with the building materials for pile outer walls in this invention. 
[0005] 

[Means for Solving the Problem] In this invention, on a base material front face, that the above-mentioned 
technical problem should be solved A photocatalyst particle and water-repellent silicone, The surface layer 
containing the matter for preventing the hydrophilization by optical pumping of said photocatalyst of said 
water-repellent silicone is formed. Or the layer containing a photocatalyst particle and water-repellent 
silicone is formed in a base material front face, and a part of the layer front face [ at least ] is fixrther 
provided with the building materials for outer walls characterized by fixing the matter for preventing the 
hydrophilization by optical pumping of said photocatalyst of said water-repellent silicone. When making it 
the matter for preventing the hydrophilization by optical pumping of a photocatalyst like cobalt or a cobalt 
compoimd contain in the surface layer, it can prevent that silicone carries out hydrophilization by optical 
pumping of a photocatalyst. And since the photocatalyst contains, the dirt which adheres with time can be 
disassembled based on the oxidative degradation nature of a photocatalyst. Therefore, surface water 
repellence can be maintained and the building materials for outer walls can maintain a pile condition to dirt 
everlastingly. 
[0006] 

[Embodiment of the Invention] In one embodiment of this invention, as shown in drawing 1 , the surface 
layer containing the matter for preventing the hydrophilization by optical pumping of photocatalysts, such as 
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a photocatalyst particle, silicone, and cobalt or a cobalt compound, is formed in the building-materials front 
face for outer walls. In other modes of this invention, the layer which contains a photocatalyst particle and 
water-repellent silicone as shown in drawing 2 is formed in the building-materials front face for outer walls, 
and the matter for preventing the hydrophilization by optical pumping of the photocatalyst of water-repellent 
silicone, such as cobalt or a cobalt compound, is being further fixed to a part of the layer front face [ at 
least ]. The glazed tile, unglazed tile which are well-known building materials at the base material of the 
building materials for outer walls, Brick, crystallization glass, a glass block, concrete, a stone, timber, 
Autoclaved lightweight concrete, an asbestos-cement calcium silicate, precast reinforced concrete. On 
inorganic base material [, such as an asbestos cement sheet, pulp cement, and plaster board, ]; and its surface 
Acrylic resin, iirethane resin, polyester, silicone, a fluororesin. Makeup inorganic building materials which 
painted plastic paint, such as acrylic silicon resin; Alviminvim, On metal bases, such as stainless steel and 
steel, and the surface of those, acrylic resin, urethane resin, Paint steel plate material which painted plastic 
paint, such as polyester, silicone, a fluororesin, and acrylic silicon resin; plastics or its paint plates, such as a 
polycarbonate and an acrylic, etc. c£in use suitably. A corrosion-resistant interlayer may be prepared 
between a base material and a surface layer. As a corrosion-resistant interlayer's construction material, 
silicone resin, a non-fixed form silica, acrylic silicone resine, etc. can use suitably. 

[0007] When the light (excitation light) of energy (namely, short wavelength) with a bigger photocatalyst 
than the energy gap between the conduction band of the crystal and a valence band is irradiated, excitation 
(optical pumping) of the electron in a valence band arises, and conduction elecfron and the matter which can 
generate an electron hole are said, for example, oxides, such as anatase mold titanium oxide, a zinc oxide, 
tin oxide, ferric oxide, bismuth(III) oxide, a tungstic trioxide, and strontium titanate, can use suitably. As the 
light source used for optical pumping of a photocatalyst, since it is exposed to the sun in the daytime, 
sunlight can be used. 

[0008] The resin expressed with average empirical formula RpSiO (4-p) / 2 (R is the functional group which 
consists of one sort of the organic radical of monovalence or two sorts or more, or a ftinctional group which 
consists of two or more sorts chosen from the organic radical and hydrogen radical of monovalence among a 
formula, X is an alkoxy group or a halogen atom, and p is a niunber with which are satisfied of 0< p<2) can 
be used for silicone. 

[0009] A cobalt alloy, cobalt oxide, a cobalt chloride, cobalt sulfate, a cobalt iodide, a cobalt bromide, 
cobaltous acetate, chloric-acid cobalt, a cobalt nitrate, etc. can use for a cobalt compound suitably. 
[0010] As for the thickness of a surface layer, it is desirable to make it 0.4 micrometers or less. Then, nebula 
by the scattered reflection of light can be prevented and a surface layer serves as fransparence substantially. 
When thickness of a surface layer is set to 0.2 micrometers or less, it is much more more desirable still. 
Then, coloring of the surface layer by interference of light can be prevented. Moreover, the more a sxirface 
layer is thin, the more the fransparency improves. Furthermore, if thickness is made thin, the abrasion 
resistance of a surface layer will improve. 

[001 1] A metal like Ag, Cu, and Zn can be added in a surface layer. The surface layer which added said 
metal can annihilate the bacteria and mold adhering to a front face even in a dark place. 
[0012] To a surface layer, a platinum metal like Pt, Pd, Ru, Rh, Ir, and Os can be added. The surface layer 
which added said metal can reinforce the oxidation reduction activity of a photocatalyst, and can raise the 
resolvability of organic substance dirt, and the resolvability of a harmfiil gas or an offensive odor. 
[0013] Next, the process of the water-repellent member by which the surface layer containing a 
photocatalyst particle, water-repellent silicone, and the matter for preventing the hydrophilization by optical 
pumping of said photocatalyst of said water-repellent silicone is formed in the base material front face is 
explained. Fundamentally, the process in this case is based on making a base material front face apply and 
harden a coating constituent. 

[0014] A coating constituent makes the precursor of silicone the requirements for an indispensable 
configuration here at the matter for preventing the hydrophilization by optical pumping of photocatalysts, 
such as a photocatalyst particle, cobalt, or a cobalt compound. In addition, solvents, such as water, ethanol, 
and propanol, a hydrochloric acid and a nitric acid, a sulfuric acid. The catalyst which promotes hydrolysis 
of the precursor of silicone, such as an acetic acid and a maleic acid, Basic compounds, such as 
tributylamine and hexylamine, aluminum TORIISO propoxide. The catalyst which stiffens the precursor of 
silicone, such as acid compounds, such as tetra-isopropyl titanate, the surfactant which raises the 
dispersibility of coating liquid, such as a silane coupling agent, may be added. 

[0015] As cobalt or a cobalt compoimd, it is desirable to use a water-soluble cobalt compound. As a water- 
soluble cobalt compound, a cobalt chloride, cobalt sulfate, a cobalt iodide, a cobalt bromide, cobaltous 
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acetate, chloric-acid cobalt, a cobalt nitrate, etc. can use suitably, for example. 

[0016] here ~ as the precursor of silicone ~ the average empirical formula RpSiXqO (4-p-q) / 2 (the 
functional group which R becomes from one sort of the organic radical of monovalence, or two sorts or 
more among a formula — ) It is the functional group which consists of two or more sorts chosen from the 
organic radical and hydrogen radical of monovalence. X Or an alkoxy group, or the number with which it is 
a halogen atom and p and q are satisfied of 0< p<2 and 0< q<4 ~ it is ~ the film-forming material which 
consists of a siloxane expressed — or general formula RpSiX4-p (the functional group which R becomes 
from one sort of the organic radical of monovalence, or two sorts or more among a formula ~) or the 
functional group which consists of two or more sorts chosen from the organic radical and hydrogen radical 
of monovalence ~ it is ~ X ~ an alkoxy group or a halogen atom ~ it is ~ p ~ 1 or 2 — it is — film-forming- 
material ** which consists of a hydrolysis nature silane derivative expressed can use suitably. 
[0017] As a film-forming material which consists of the above-mentioned hydrolysis nature silane 
derivative here Methyl trimetoxysilane, methyl triethoxysilane, a methyl tripropoxy silane, MECHIRUTORI 
butoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane, An ethyl tripropoxy silane, ECHIRUTORI 
butoxysilane, phenyltrimethoxysilane, Phenyltriethoxysilane, a phenyl tripropoxy silane, a phenyl 
TORIBUTOKJ gardenia fhiit run, Dimethyldimethoxysilane, dimethyl diethoxysilane, a dimethyl dipropoxy 
silane, Dimethyl dibutoxysilane, diethyldimethoxysilane, diethyldiethoxysilane, A diethyl dipropoxy silane, 
diethyl dibutoxysilane, phenylmethyldimethoxysilane, Phenylmethyldiethoxysilane, a phenylmethyl 
dipropoxy silane, Phenylmethyl dibutoxysilane, n-propyltrimethoxysilane, n-propyl triethoxysilane, n- 
propyl tripropoxy silane, n-pro PIRUTORI butoxysilane, gamma-glycoxyde KISHIPURO pill 
trimethoxysilane, gamma- acryloxyprophyltrimethoxy silane, etc. can use suitably. 
[0018] Moreover, as a film-forming material which consists of the above-mentioned siloxane, it is 
producible by the dehydration condensation polymerization of the partial hydrolysate of the partial 
hydrolysis of the above-mentioned hydrolysis nature silane derivative and dehydration condensation 
polymerization, or the above-mentioned hydrolysis nature silane derivative, and partial hydrolysates, such as 
a tetramethoxy silane, a tetra-ethoxy silane, tetra-propoxysilane, tetra-butoxysilane, and diethoxy 
dimethoxysilane, etc. 

[0019] As the method of application of the above-mentioned coating constituent, approaches, such as a 
spray coating method, the DIPPUKO-TINGU method, the flow coating method, the SUPINKO-TINGU 
method, the roll coating method, brush coating, and sponge coating, can use suitably. As the hardening 
approach, it can carry out by carrying out a polymerization by heat treatment, room temperature neglect, UV 
irradiation, etc. 

[0020] Next, the layer containing a photocatalyst particle and water-repellent silicone is formed in a base 
material front face, and the process of the water-repellent member to which the matter for preventing the 
hydrophilization by optical pumping of said photocatalyst of said water-repellent silicone is being fixed is 
further explained to a part of the layer front face [ at least ]. Fundamentally, after the process in this case 
applies and stiffens the coating constituent containing a photocatalyst particle and the precursor of water- 
repellent silicone, it applies the solution containing the matter for preventing the hydrophilization by optical 
pumping of photocatalysts, such as cobalt or a cobalt compound, and twists it to fix to a front face. 
[0021] A coating constituent makes a photocatalyst particle and the precursor of water-repellent silicone the 
requirements for an indispensable configuration here. In addition, solvents, such as water, ethanol, and 
propanol, a hydrochloric acid and a nitric acid, a sulfuric acid. The catalyst which promotes hydrolysis of 
the precursor of silicas, such as an acetic acid and a maleic acid, Basic compounds, such as tributylamine 
and hexylamine, aluminum TORIISO propoxide. The catalyst which stiffens the precursor of silicas, such as 
acid compounds, such as tetra-isopropyl titanate, the surfactant which raises the dispersibility of coating 
liquid, such as a silane coupling agent, may be added. 

[0022] here ~ as the precursor of silicone - the average empirical formula RpSiXqO (4-p-q) / 2 (the 
functional group which R becomes from one sort of the organic radical of monovalence, or two sorts or 
more among a formula — ) It is the functional group which consists of two or more sorts chosen from the 
organic radical £uid hydrogen radical of monovalence. X Or an alkoxy group, or the number with which it is 
a halogen atom and p and q are satisfied of 0< p<2 and 0< q<4 — it is ~ the film- forming material which 
consists of a siloxane expressed - or general formula RpSiX4-p (the functional group which R becomes 
from one sort of the organic radical of monovalence, or two sorts or more among a formula — ) or the 
functional group which consists of two or more sorts chosen from the organic radical and hydrogen radical 
of monovalence - it is - X - an alkoxy group or a halogen atom ~ it is ~ p ~ I or 2 ~ it is - film-forming- 
material ** which consists of a hydrolysis nature silane derivative expressed can use suitably. 
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[0023] As a film-forming material which consists of the above-mentioned hydrolysis nature silane 
derivative here Methyl trimetoxysilane, methyl triethoxysilane, a methyl tripropoxy silane, MECHIRUTORI 
butoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane. An ethyl tripropoxy silane, ECHIRUTORI 
butoxysilane, phenyltrimethoxysilane, Phenyltriethoxysilane, a phenyl tripropoxy silane, a phenyl 
TORIBUTOKI gardenia fiuit run, Dimethyl dimethoxysilane, dimethyl diethoxysilane, a dimethyl dipropoxy 
silane, Dimethyl dibutoxysilane, diethyldimethoxysilane, diethyldiethoxysilane, A diethyl dipropoxy silane, 
diethyl dibutoxysilane, phenylmethyldimethoxysilane, Phenylmethyldietiioxysilane, a phenylmethyl 
dipropoxy silane, Phenylmetiiyl dibutoxysilane, n-propyltrimethoxysilane, n-propyl triethoxysilane, n- 
propyl tripropoxy silane, n-pro PIRUTORI butoxysilane, gamma-glycoxyde KISHIPURO pill 
trimethoxysilane, gamma-acryloxyprophyltrimethoxysilane, etc. can use suitably. 
[0024] Moreover, as a film-forming material which consists of the above-mentioned siloxeme, it is 
producible by the dehydration condensation polymerization of the partial hydrolysate of the partial 
hydrolysis of the above-mentioned hydrolysis nature silane derivative and dehydration condensation 
polymerization, or the above-mentioned hydrolysis nature silane derivative, and partial hydrolysates, such as 
a tetramethoxy silane, a tetra-ethoxy silane, tetra-propoxysilane, tetra-butoxysilane, and diethoxy 
dimethoxysilane, etc. 

[0025] As the method of application of the above-mentioned coating constituent, approaches, such as a 
spray coating method, the DIPPUKO-TINGU method, the flow coating method, the SUPINKO-TINGU 
method, the roll coating method, brush coating, and sponge coating, can use suitably. As the hardening 
approach, it can carry out by carrying out a polymerization by heat treatment, room temperature neglect, UV 
irradiation, etc. 

[0026] The approach of applying the solution containing the matter for preventing the hydrophilization by 
optical pumping of photocatalysts, such as cobalt or a cobalt compound, and fixing to a firont face For 
example, a cobalt chloride, cobalt sulfate, a cobalt iodide, a cobalt bromide. Water-soluble cobalt 
compounds, such as cobaltous acetate, chloric-acid cobalt, and a cobalt nitrate A spray coating method, the 
DIPPUKO-TINGU method, the flow coating method, It applies by approaches, such as the SUPINKO- 
TINGU method, the roll coating method, brush coating, and sponge coating, and carries out by fixing by 
approaches, such as reduction which uses together sacrifice oxidizers, such as photoreduction, heat 
treatment, and alcohol. 
[0027] 
[Example] 

An example of reference . anatase mold titanium oxide sol (the Nissan chemistry, TA-15, a nitric-acid 
amalgam-decomposition mold, pH=l), a silica sol (Japan Synthetic Rubber, GURASUKA A liquid, pH=4) 
and methyl trimetoxysilane (Japan Synthetic Rubber ~) Mix ethanol with GURASUKA B liquid, and apply 
the coating liquid which agitated for 2 to 3 hours and was obtained with a spray coating method on the 
glazed-tile base material (TOTO, AB 02E1 1) of 5x10cm angle, and it is heat-treated at 200 degrees C for 15 
minutes. #1 sample in which the surface layer which consists of the anatase mold titanium oxide particle 1 1 
weight section, tiie silica 6 weight section, and the silicone 5 weight section was formed was obtained. # The 
contact angle with the water of one sample was 92 degrees. Using the contact angle measuring instrument 
(consonance interface science, CA-X150), afi;er the contact angle with water trickled waterdrop from the 
micro syringe, the contact angle with the water of 30 seconds after estimated it here. Subsequently, the 
ultraviolet-rays light source (the Seinkyo electrical and electric equipment, black light bull-(BLB) 
fluorescent lamp) was used for #1 sample front face, it irradiated with the ultraviolet-rays illuminance of 0.3 
mW/cm2 on the 1st, and #2 sample was obtained. Consequently, hydrophilization of the contact angle with 
the water of #2 sample was carried out to 0 degree. Next, Raman spectroscopic analysis of the sample front 
face of #1 sample and each #3 sample which irradiated the mercury-vapor lamp for 2 hours, and obtained it 
with the ultraviolet-rays illuminance of 22.8 mW/cm2 in #1 sample was CEirried out. Consequently, the peak 
of a methyl group accepted on #1 sample front face was not accepted by #3 sample, but the broadcloth 
hydroxyl group peak was accepted instead. It turns out that the organic radical combined with the silicon 
atom in the silicone molecule of the front face of a coat from the above thing by optical pumping of the 
anatase mold titanium oxide which is a photocatalyst is permuted by the hydroxyl group, and that 
hydrophilization is carried out. 

[0028] An example 1. anatase mold titanium oxide sol (the Nissan chemistry, TA-15, a nitric-acid amalgam- 
decomposition mold, pH=l), A silica sol (Japzin Synthetic Rubber, GURASUKA A liquid, pH=4) and 
methyl trimetoxysilane (Japan Synthetic Rubber, GURASUKA B liquid). The coating liquid which mixed 
ethanol with cobalt chloride 6 hydrate, agitated for 2 to 3 hours, and was obtained Apply with a spray 
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coating method on the glazed -tile base material (TOTO, AB 02E1 1) of 5x1 0cm angle, and it heat-treats at 
200 degrees C for 1 5 minutes. #4 sample in which the surface layer which consists of the anatase mold 
titanium oxide particle 1 1 weight section, the silica 6 weight section, the silicone 5 weight section, and the 
cobalt 0.2 wei^t section was formed was obtained. # The contact angle with the water of four samples was 
97 degrees. Using the contact angle measuring instrument (consonance interface science, CA-X150), after 
the contact angle with water trickled waterdrop from the micro syringe, the contact angle with the water of 
30 seconds after estimated it here. Subsequently, the ultraviolet-rays light source (the Sankyo electrical and 
electric equipment, black light bull-(BLB) fluorescent lamp) was used for #4 sample front face, it irradiated 
with the ulfraviolet-rays illuminance of 0.3 mW/cni2 on the 1st, and #5 sample was obtained. Consequently, 
the contact angle with the water of #5 sample still maintained 96 degrees and water repellence. Therefore, it 
turns out that the hydrophilization of the silicone of the front face of the coat by optical pumping of the 
anatase mold titanium oxide which is a photocatalyst is prevented from the above thing with cobalt. This is 
considered because the permutation to the hydroxyl group of the organic radical combined with the silicon 
atom in the silicone molecule of the front face of a coat is checked with cobalt. 

[0029] An example 2. anatase mold titanium oxide sol (the Nissan chemistry, TA-15, a nitric-acid amalgam- 
decomposition mold, pH=l), A silica sol (Japan Synthetic Rubber, GURASUKA A liquid, pH=4) and 
methyl trimetoxysilane (Japan Synthetic Rubber, GURASUKA B liquid). Mix ethanol, and apply the 
coating liquid which agitated for 2 to 3 hours and was obtained with a spray coating method on the glazed- 
tile base material (TOTO, AB 02E1 1) of 5x10cm angle, and it is heat-treated at 200 degrees C for 1 5 
minutes. The surface layer which consists of the anatase mold titanium oxide particle 1 1 weight section, the 
silica 6 weight section, and the silicone 5 weight section was formed. Furthermore, after 0.3g spreading and 
the ultraviolet-rays light source (the Sankyo electrical and electric equipment, black light bull-(BLB) 
fluorescent lamp) were used for the cobalt chloride 6 hydrate water solution of cobalt metal concentration 
mol/g of 50micro, the ultraviolet rays of 2 were irradiated the ultraviolet-rays illuminance of 0.4m W/cm on 
it, for 10 minutes, cobalt was fixed on the base material, and #6 sample was obtained. # The contact angle 
with the water of six samples was 95 degrees. Using the contact angle measuring instrument (consonance 
interface science, CA-X150), after the contact angle with water trickled waterdrop from the micro syringe, 
the contact angle with the water of 30 seconds after estimated it here. Subsequently, the ultraviolet-rays light 
source (the Sankyo electrical and electric equipment, black light bull-(BLB) fluorescent lamp) was used for 
#6 sample front face, it irradiated with the ulfraviolet-rays illuminance of 0.3 mW/cm2 on the 1st, and #7 
sample was obtained. Consequently, the contact angle with the water of #7 sample still maintained 94 
degrees and water repellence. Therefore, it turns out that the hydrophilization of the silicone of the front face 
of the coat by optical pumping of the anatase mold titanium oxide which is a photocatalyst is prevented from 
the above thing with cobalt. This is considered because the permutation to the hydroxyl group of the organic 
radical combined with the silicon atom in the silicone molecule of the front face of a coat is checked with 
cobalt. 

[0030] For example 3. #5 sample, #7 sample, and the comparison, the polytefrafluoroethylene plate was 
installed like drawing 3 in the bottom of the part with a roof of the roof of a building, and was left for four 
months. Consequently, by #5 sample and #7 sample, dirt was not observed to dirt having been observed with 
the polytetrafluoroethylene plate. 
[0031] 

[Effect of the Invention] In this invention, it sets to the building materials for outer walls. On a base material 
front face A photocatalyst particle and water-repellent silicone, The surface layer containing the matter for 
preventing the hydrophilization by optical pumping of said photocatalyst of said water-repellent silicone is 
formed. Or the layer containing a photocatalyst particle and water-repellent silicone is formed in a base 
material front face. By fiarthermore fixing the matter for preventing the hydrophilization by optical pumping 
of said photocatalyst of said water-repellent silicone to a part of the layer front face [ at least ], maintenance 
of rear-spring-supporter water repellence of a member front face is attained at a long period of time, with it 
dirt-comes to be hard of a front face everlastingly. 
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* NOTICES * 

iTPO and NCXPI ar'e not responsible for any 
damaaes caused by tbe use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DRAWINGS 



JDrawing 1] 
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(54) Photocatalytic glass pane and method for producing same 

(57) The invention relates to a photocatalytic glass 
pane inducSng a glass substrate and at least one layer 
formed on at least one major surfeice of the glass sub- 
strate. The at least one layer has an outermost layer 
made of a photocatalytic titanium oxide. The outermost 
layer is prepared by a chemical vapor deposition. The 
titanium oxide is such that an X-ray diffraction chart of 
the titanium oxide has at least a first peak when a spac- 
ing between adjacent crystallographic planes of the tita- 
nium oxide is 3.5 angstroms and a second peak when a 
spacing between adjacent crystallographic planes of 
the titanium oxide is 1 .9 angstroms and that the second 
peak has a height that is at least one-tenth of a height of 
the first peak. The glass pane is high in photocatalytic 
activity. The invention further relates to a method for 
producing the photocatalytic glass pane. This method 
has the sequential steps of (a) providing a gas mixture 
comprising a vapor of an organic titanium compound 
and an oxygen gas; and (b) bringing the gas mixture 
into contact with the glass sutistrate that is under a 
heated condition, thereby to form the outermost layer on 
the glass substrate. The glass pane can easily be pro- 
duced by the method with high efficiency and low cost. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001 ] The present invention relates to a photocatalytic glass pane having a photocatalytic titanium oxide layer formed 
on a glass substrate thereof and a method for producing the glass pane. 

[0002] Hitherto, titanium oxide films have been used for providing sutistrates (e.g. of glass, ceramics and resins) with 
reflection of heat rays arxl the like, alxasion resistance, heat resistence, weather resistance and chemical resistance, 
due to their superior characteristics such as high refractive index, high hardness, heat resistance and chentical resist- 
10 ance. Furthermore, much attention has been drawn in recent years to the photocatalytic activity of titanium oxide to oxi- 
datively decompose organic contaminants. 

[0003] There are several ways to form a titanium oxide film on a sut>strate. For example, in a spraying method, a tita- 
nium compound solution is sprayed onto a substrate and then pyrolyzed to form thereon a titanium oxide film. In a sol- 
gel process, a titania precursor sol is applied to a substrate, and then the resultant precursory film is heated to form 

IS thereon a titanium oxide film. In a chemical vapor deposition (CVD). a vapor of an organic titanium compound is brought 
into contact with a substrate that is under a heated condition, thereby to forni thereon a titanium oodde film by pyrolysis. 
[0004] Japanese Patent Second Publications JP-B-1 -30771 and JP-B-57-471 37 disclose methods for producing heat 
reflective glass panes. In each of these methods, a particular titanium compound solution is sprayed onto a heated 
glass sutstrate. thereby to form thereon a titanium oxide film by pyrolysis. Japianese Patent Rrst Publication JP-A-9- 

so S9041 discloses an antifogging coating composition containing ttierein semiconductor photocatalyst particles that are 
most preferably titania particles. This composition is a dispersion in which (1) a silicone precursor or amorphous silica 
precursor and (2) semiconductor photocatalyst particles are uniformly dispersed in a solvent. JP-A-9-920 discloses a 
titanium oxide film ttiat is sufficient in transparency. TTiis iim is formed on a substivte by spraying an ethanol solution 
containing 20 wt% of di-i80-propoxybis(aceitylacetonato)titanium. 

ss 

SUMMARY OF THE INVENTION 

[0005] It is an object of ttte present invention to provide a photocatalytic glass pane ttitrt is high in photocatalytic activ- 
ity and superior in optical and physical characteristics such as heat reflection. 
30 [0006] It is another object of the present invention to easily produce such a photocatalytic glass pane with high effi- 
ciency and low cost by forming at least one layer on at least one major surface of a glass substiate, while maintaining 
transparency, flatness and smoothness of the glass substrate. 

[0007] According to the present invention, there is provided a photocatalytic glass pane comprising a glass subst'ate: 
and at least one layer formed on at least one major surface of the glass substiate. The at least one layer has an outer- 

3S most layer made of a photocatalytic titanium oxide. The outermost layer is prepared by chemical vapor deposition. The 
titanium oxide is such that an X-ray diffraction chart (pattern) of ttie titanium oxide has at least a first peak when a spac- 
ing between adjacent crystallographic planes (i.e., an interplaner spacing) of ttie titanium oxide is 3.5 angsbYxns (A) 
and a second peak when a spacing between adjacent crystallographic planes of ttie titanium oxide is 1.9 angstroms 
and that the second peak has a height that is at least one-tentti of a height of ttie first peak. As is commonly known, ttie 

40 peak height represents the intensity (I) of ttie diffracted X-rays (see Figs. 2-3). The glass pane Is high In photocatalytic 
activity and superior in optical and physical characteristics such as heat reflection. 

[0008] According to the present invention, there is provided a mettiod for producing ttie above-mentioned photocata- 
lytic glass pane. This method comprises ttie sequential steps of (a) providing a gas mixture comprising a vapor of an 
organic titanium compound and an oxygen gas; and (b) bringing ttie gas mixture into contact witti ttie glass substrate 
4S that is under a heated condition, thereby to form the outermost layer on the glass substrate. The organic titanium com- 
pound may be titanium alkoxide selected from titanium tetraisopropoxide, titanium tetinamettioxide, titanium teti-aetiiox- 
ide, and titanium nxinochlorotiialkoxide. The gas mixture may further comprise niti'ogen gas. The glass pane can easily 
be produced by ttie method with high efficiency and low cost, while the glass substiate is maintained in ti^ansparency, 
f latiiess and snxxitiiness. 

so 

BRIEF DEggRIPTIQN QFTHE DRAVWNgg 
[0009] 

55 Fig. 1 is a schematic side sectional view showing a float glass production line equipped with a nozzle tor forming a 
titanium oxide film on a glass plate by CVD; 

Fig. 2 is an X-ray diffraction chart showing X-ray diffraction patterns [A], [B] and [C] according to Examples 1 and 
2 and Comparative Example 1, respectively: and 
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Rg. 3 is an X-rev diffraction chart of an anatase-type titanium oxide powder that is adherent to a glass sutistrate by 
a tranding agent. 

PESORIPTION QF -mE PREF^RREP EMBQPIMENTS 

5 

[001 0] In the Invention, the outermost layer (i.e., a titanium oxide film) of the photocatalytic glass pane m^ be sub- 
jected to an X-ray diffraction analysis with CuK a X-rays produced by an output voltage of 10-60 kV and an electric cur- 
rent of 1 00-1 ,(X)0 mA, a scanning speed of up to 10 degrees per nvnute. a diverging slit's opening angle of 1/2 degrees, 
and a scattering slit's opening angle of 1/2 degrees. 

10 [001 1 ] As mentioned above, the gas mixture comprising a vapor of an organic titanium compound may be brought 
into contact with a heated glass substrate (e.g.. soda-lime float glass plate), during a float glass production (see Fig. 1). 
In other words, the outermost titanium oxide layer may be formed on a glass substrate by CVD, particularly under nor- 
mal pressure (atmospheric pressure). With this, it becomes possible to make the photocatalytic glass pane of the inven- 
tion to have good transparency, flatness and smoothness, which are inherent in glass Hself. It is preferable to conduct 

T5 the above-mentioned step (b) at a temperature not higher than TSO-C. If the temperature is higher than 750«C. the glass 
substrate may be defonned during the step (b). Furthermore, the outermost layer may have cracks and/or wrinkles on 
its surface. As is seen from Fig. 1 , the step (b) may be conducted in a float glass production line 1 . In this line 1 , a heated 
glass substrate 2 from a tin bath 3 is allowed to enter into an annealing chamber 4. It is optional to dispose a nozzle 5, 
which has a discharge slit 6 for discharging the gas mixture of the step (a) and exhaust slits 7 for exhausting the gas 

20 mixture, in the vicinity of the entrance of the annealing chamber 4, as illustrated. In fact, it is preferable to dispose the 
nozzle 5 in a region of the production line 1 that is at least 5 m downstream from the end top roller In order to conduct 
the step (b). since the force concentrates on the vicinity of the top roller disposed in the tin bath 3. 
[001 2] In the gas mixture of the above-mentioned step (a), it is preferable that the vapor of the organic titanium com- 
pound has a partial pressure of from 0.1 to 10 kPa. more preferably from 1 to 5 kPa. and that the oxygen gas has a 

25 partial pressure of from 3 to 40 kPa. more preferably from 10 to 36 kPa. With this, rl becomes possible to obtain an ana- 
tase-type titanium oxide film that is superior in photocatalytic activity and strength. It is preferable to make the partial 
pressure of the oxygen gas higher in the preferable range, in order to provide the gas mixture with an oxidative atmos- 
phere. With this, it becomes possible to produce the titanium oxide more effectively. If the oxygen concentration of the 
gas mixture is too high, the gas mixture may become inflammable to increase the fire risk. The steam contained in the 

30 gas mixture may accelerate the polycondensation of the organic titanium compound. This may Interfere with pyrolysis 
of the organic titanium compound. Furthermore, scales may occur by the presence of the steam, during the introductfon 
of the gas mixture into the nozzle for discharging the gas mixture. Thus, the partial pressure of the steam contained in 
the gas mixture is preferably not higher than 0.1 kPa. more preferably not higher than 0.01 kPa. In fact. It is the most 
preferable that the gas mixture does not contain steam. 

35 [001 3] Even if the tenperature of the glass substrate is lower than 300''C. it is possible to form the outermost titanium 
oxide layer on the glass substrate. In this case, however, adhesion of the outermost layer to the glass substrate may 
become Insufficient. Still furthermore, the X-ray diffraction chart of the obtained titanium oxide may not have clear 
peaks, and thus the titanium oxide may become Insufficient in photocatalytic activity. Thus, the outermost titanium oxide 
layer is formed on a glass substrate heated preferatjiy at a temperature of at least SOCC, more preferably at least 

40 350°C, still more preferably 400-600''C. In particular, if the outernrost layer of an anatase-type titanium oxide is formed 
on a glass substrate of at least 500''C, the outermost layer becomes substantially high in photocatalytic activity. In this 
case, if the thickness of the outermost layer, which Is directly formed on a soda-lime glass substrate, is at least 50nm, 
it becomes possible to maintain the photocatalytic activity of the titanium oxide. In ottier words, alkali components, par- 
ticularly sodium ions, do not interfere with the photocatalytic activity of the titanium oxide, and flius it is not necessary 

45 to provide an interiayer (banrier) between the glass substrate and the outermost layer. If the thickness of the outermost 
layer is greater than SOOnm, the outermost layer becomes conspicuous in iridescence and thus may not be favorable in 
appearance. 

[0014] As mentioned above, the titanium oxide of the Invention is characterized in that an X-ray diffraction chart (pat- 
tern) of the titanium oxide has at least a first peak at a first spacing of 3.5 angsti-oms between adjacent crystallographic 

50 planes of the titanium oxide and a second peak at a second spacing of 1 .9 angsti-oms between adjacent crystallo- 
graphic planes of the titanium oxide and that the second peak has a height that is at least one-tenth of a height of the 
first peak (see Fig. 2). With this, the titanium oxkle becomes substantially high in photocatalytic activity. The above- 
mentioned first and second spacings respectively con^espond to diffraction angles 26 of 25 and 48 degrees, as shown 
in Fig. 2. Furthermore, it is preferable that an X-ray diffraction chart of the titanium oxide has a third peak at a third spac- 

55 ing of 1 .7 angstroms (26 : 55 degrees) and a fourth peak at a fourth spacing of 1 .5 angstroms (26 : 63 degrees), as 
shown by the X-iay <affraction pattern [A] of Fig. 2. As mentioned above, the second peak has a height that is at least 
one-tenth of the height of the first peak. We assume that this means a good balance between the first peak in a direction 
of Miller indices 1 01 and the second peak in a direction of Miller indices 200 to make the titanium oxide high in photo- 
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catalytic activity. 

[0O15] In the Invention. It Is optional to provicle at least one first interlayer having an intermediate refractive Index of 
1 .55-2.0 and/or at least one second Interlayer having a high refractive index of 2.6-2.9. between the glass substrate and 
the outermost titanium oiclde layer. In fact, the first and second interlayers may be laminated alternately. The first Inter- 

5 layer Is made of for example, aluminum oxide, tin oxide, indium oodde, zinc oodde or silicon oxycarbide, and the second 
interlayer contains as a main component thereof at least one metal oxide selected from chromium oxides, iron oxides, 
cobalt oxides and copper oxides. It is preferable to adjust the refractive index and thickness of the first or second inter- 
layer such that the reflectance and excitation purity of the outermost layer are lowered by the interference of the 
reflected light from the first or second interlayer. 

10 [0O16] In the invention, it is optional that the at least one layer, having the outermost titanium oxide layer, is formed 
on one major surface of the glass substrate, and a reflective metal layer is formed on the other major surface of the 
glass substrate. With this, the obtained glass pane can t>e used as an antifbgging mirror. 
[0O1 7] The following nonlimitative examples are illustrative of the present invention. 

15 EXAMPLE 1 

[001 8] An outermost titanium oxide layer was directly formed on a glass sutjstrate 2 by using a float glass production 
line 1 of Fig. 1 , as follows. The glass substrate 2, having a thickness of 3 mm and a width of 3.6 m, was allowed to flow 
continuously at a speed of 8 m per minute in the production line 1. A nozzle 5. made of stainless steel, for forming the 

20 outermost layer on the glass substrate 2 was disposed 1 .5 m downstream from an exit partition wall 8 of a tin bath 3. In 
fact, the nozzle 5 was disposed, at a height of 1 5 mm above the glass substrate 2, in the inside of an annealing chamber 
4 and in the vicinity of the entrance of an annealing chamber 4, as illustrated. At the position of the nozzle 5, the tem- 
perature of the glass substrate's surtace was found to be S/O-SBO'C by the measurement with a radiation thermometer. 
The temperature of the bottom surface of the nozzle 5 was adjusted to be in a range of 200-220'C by allowing a beat 

25 carrying oil of 1 80°C to flow continuously through the interior of the nozzle 5. As shown in Rg. 1 , the nozzle 5 was sym- 
metrical about an axis of symmetry that is perpendicular to the direction of the flow of the glass substrate 2 in the pro- 
duction line 1 . In fact, the nozzle 5 had a discharge slit 6 for discharging the gas mixture at a middle portion of the nozzle 
5, and exhaust slils 7 for exhausting the gas mixture at both sides of the discharge slit 6. Each of the discharge and 
exhaust slits 6, 7 extends 3.2 m In a direction perpendicular to the direction of the flow of the glass substrate 2. The 

30 distance between the exhaust slits 7, 7 In the directton of the flow of the glass substrate 2 was 600 mm. A region 
between the exhaust slits 7, 7 was provided for forming the outermost layer on the glass substrate 2. 
[0019] Separately, the gas mixture was pr^red, as follows. At first, titanium tetraisopropoxide, preliminarily heated 
at lOO'C, was atomized or sprayed at a rate of 240 g per minute into a hermetic stainless-steel container of a double 
wall structure, while a nitrogen gas, preliminarily heated at 180°C, was introduced as a carrier or atomizing gas into the 

35 container at a rate of 200 nL per minute. Then, the titanium tetraisopropoxide in the container was totally turned into a 
vapor by heat of the container having a double wall's void space filled with a heat carrying oil of 180°C. A mixture of 
titanium tetraisopropoxide (gas) and nitrogen gas was allowed to flow through a pipe from the container and then was 
mixed with an air preliminarily heated at 180°C and having a flow rate of 300nL per minute. The resultant gas nvxture 
was lead to the discharge slit 6, while it was maintained at 180°C. Then, the resultant gas mixture was blown upon the 

40 glass substrate 2 from the discharge slit 6, thereby to form a titanium oxide film on the glass substrate 2 by pyrolysis 
under normal pressure. Each of the nitrogen and air of the resuKant gas mixture was -eO'C in dew point. The calculated 
partial pressures of the oxygen, titanium compound, and steam were about 12kPa, about 4kPa and 0.001 kPa, respec- 
tively. The retractive index and thickness of the titanium oxide film were respectively found to be 2.38 and 1 35nm, from 
the results of the spectral reflectance of the titanium oxide film. TTie titanium oxide film was sutijected to all X-ray dif- 

45 fraction analysis with CuK a X-rays produced by an output voltage of 50kV and an electric current of 200mA. incident 
angles starting from 2 degrees, a scanning speed of 5 degrees per minute, a diverging slit angle of 1/2 degrees, and a 
scattering slit angle of 1/2 degrees. Tfie result of the X-ray diffraction analysis is shown by an X-ray diffraction pattern 
[A] of Fig. 2. This pattern was found to have first, second, third and fourth peaks at spacings between adjacent crystal - 
lographic planes of the titanium oxide of 3.5, 1.9, 1.7 and 1.5 angstroms. These spacings correspond to diffraction 

50 angles 20 of 25, 48, 55 and 63 degrees respectively, as shown in Fig. 2. The relative heights of the first, second, third 
and fourth peaks were respectively 8, 2, 1 and 1 , as shown in Fig. 2. In comparison with the X-ray diffraction pattern of 
Fig. 3 of Referential Example, in which a commercial anatase-type titanium oxide powder was bonded to a glass holder 
by a bonding agent (i.e., starch), it is assumed that the first, second, third and fourth peaks of the X-ray diffraction pat- 
tern [A] of Fig. 2 are diffraction lines generated by the titanium oxide's adjacent crystallographic planes 101 , 200, 21 1 

55 and 204, respectively. In fact, each numeral of three figures in parenthesis of Fig. 3 Is Miller indices. The titanium oxide 
film of Referential Example had a white color and thus was not transparent. Furthermore, the titanium oxide powder of 
Referential Example comes off easily, and thus the titanium oxide film of Referential Example is substantially different 
from that of the invention. 
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[0020] In Example 1 , the obtained glass pane having the titanium oxide film fomfied on the glass substrate was sub- 
jected to an abrasion resistance test In this test, the titanium oxide fUm was abraded 200 times by a Taber abraser 
def ined in Japanese Industrial Standard (JIS) R 3212. The trsmsmittance after the abrasion resistance test was about 
3.2% higher than that before this test. This means that the titanium oxide film was bonded to the glass substrate with a 
5 high bonding strength. 

[0021 ] The photocatalytic activity of the otjtained glass pane having widths of 1 00mm was determined as follows. At 
first, the glass pane was immersed in an oleic acid solution, and then withdrawn therefrom at a speed of 1.2mm per 
second. After that, water was dropped onto the titanium oxide f am, and then the contact angle of water drop thereon 
was measured. The result of this was about 30 degrees. Then, the titanium oxide film was irradiated tor 3 hr with ultra- 
10 violet rays using an ultraviolet lamp having an intensity of O.SmW/cm^. Then, the contact angle of water drop was meas- 
ured again, and the result was 8 degrees. This means that oleic acid was decomposed during the ultraviolet in-adiation. 
and thus the titanium oxide film's surface became hydrophilic. 

[0022] The obtained glass pane had a r^lectance from the titanium oxide film of 39%, a dominant wavelength of 
440nm, an excitation purity of 21%, and a transmittance of 62%. 
IS [0023] The calculated rate for forming the titanium oxide film is as follows: 

(FilmThickness 135nm) x (Glass Substrate Moving Speed 8m/min.) -i- (Rim Width 600mm) = 1.8 (im/mln. 



so [0024] The calculated efficiency for forming the titanium oxide film is as follows: 

(Film Thickness 13Snm) x (Film Area 3.2m x 8m)/min. 
X (TiOj Density 3.84) + 1,000 -s- (TiOj Molecular Weight 80) 
^ (Ti Alkoxide Supply Rate 240g/min) ->- (Ti alKoxide Molecular Weight 284) = 1 9.6%. 

EXAMPLE 2 

[0025] In this example. Example 1 was repeerted except in that the supply rate of titanium tetraisopropoxide was 1 00 
30 g/min in place of 240 g/min and that the pcsition of the nozzle 5 was 40m downstream from the exit partition wall 8 of 
the tin bath 3. The temperature of the glass substrate 2 at the position of the nozzle 5 was in a range of 390-400°C. The 
calculated partial pressures of the titanium compound, oxygen and steam of the gas mixture were 1 .SkPa, 1 2kPa and 
0.001 kPa, respectively. The obtained titanium oxide film fbmied on the glass substrate was found to have a refractive 
index of 2.35 and a thickness of 45 nm. The obtained glass pane was found to have a visible light reflectance from the 
35 coated side of 30%, a dominant wavelength of 440nm, and an excitation purity of 1 5%. The result of the X-ray diffraction 
analysis is shown by an X-ray diffraction pattern [B] of Fig. 2. This pattern was found to have first and second peaks at 
spactngs between adjacent crystallographic planes of the titanium oxide of 3.5 and 1 .9 angstroms where the diffraction 
angles 20 are respectively 25 and 48 degrees. The relative heights of the first and second peaks were respectively 10 
and 3. as shown in Fig. 2. The calculated rate and efficiency for forming the titanium oxide film on the glass substrate 
40 were 0.6 nm/min and 15.7%. respectively. The glass pane was subjected to the same photocatalytic activity test as that 
of Example 1 , except in that the ultraviolet irradiation time vras lOhr. After this test, the contact angle of water drop was 
found to be 1 6 degrees. 

EXAMPLES 

45 

[0026] In this example, a float glass production line 1 of Example 1 was used except in that another nozzle, which is 
similar to the nozzle 5 in construction, was disposed in the vicinity of the nozzle 5 such that the another nozzle was 
interposed between the nozzle 5 and the tin bath 3. The another nozzle was used for forming an aluntinum oxide imer- 
layer on a glass substrate. In fact, aluminum acetylacetonato. NACEM aluminum of Nippon Chemical Industrial Co.. 

50 Ltd., was transported through an stainless steel pipe having an internal diameter of 6mm. at a rate of 280 g/min by a 
device for quantitatively supplying powder, together with an air at a rate of 700nL/min. This stainless steel pipe had a 
coiled portion of 12 m immersed in a heat can'ying oil bath of 220°C. After passing through the coiled portion, the alu- 
minum acetylacetonato turned into a vapor. The thus obtained mixture of the aluminum acetylacetonato and the air was 
blown upon the glass substrate from a discharge slit of the another nozzle, thereby to form an aluminum oxide film on 

55 the glass substrate. This film was confirmed to be an aluminum oxide fOm having a thickness of about 70nm by Auger 
electron spectroscopy, although X-ray diffraction lines of this fUm were not found. The aluminum oxide film was found to 
have a reflectance from the coated aide of 9.5%, a refractive index of 1 :61 . and a thickness of 67nm. 
[0027] Then, a titanium oxide film was formed on the aluminum oxide film in the same manner as that of Example 2 
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by using the nozzle 5 adjacent to ttie another nozzle. The ot>tainecl glass pane was found to have a visible light reflect- 
ance from the coated side of 14%, a dominant wavelength of SOOnm, and an excitation purity of 3.S%. Thus, the 
reflected light from the coated side became more neutral as compared with those of Examples 1-2 by the provision of 
the aluminum oxide interlayer having an intermediate refractive index. The result of the X-ray diffraction analysis of the 
5 titanium oxide film was almost the same as that of Example 2. The glass pane was subjected to a photocatalytic activity 
test that is similar to that of Example 1 . In fact, the ultraviolet in-adiation times were 3 hr and 1 0 hr. After 3 hr. the contact 
cuigle of water drop was found to be 3 degrees. After 10 hr, it was found to be 1 degree. 

EXAI^PLE 4 

[0028] In this example, Example 1 was repeated except in that the air preliminarily tiaving a flow rate of 300nL per 
minute was replaced with a mixture of an air and an oxygen each having a flow rate of 150 nlVmln. The calculated par- 
tial pressures of the oxygen, titanium compound and steam of the gas mixture were about 36kPa, about 4i<Pa and about 
0.001 kPa, respectively. 

IS [0029] The titanium oxide film was found to have a refractive index of 2.38 and a thickness of 1 40nm, based on the 
spectral reflectance of the coated side of the glass pane. The X-ray diffraction pattern of the titanium oxide film was 
found to have first, second, third and fourth peaks at spacings between adjacent crystallographic planes of the titanium 
oxide of 3.5, 1 .9. 1 .6 and 1 .4 angstroms where the diffraction angles 26 are respectively 25. 48. 55 and 63 degrees. The 
relative heights of the first, secorxJ, third and fourth peaks were respectively 8, 3, 1 and 1 . The result of the abrasion 

20 resistance test, the inaease in transmittance, was about 3.0%. The photocatalytic activity test was conducted in the 
same manner as that of Example 2. After lOhr of this test, the contact angle of water drop was 3 degrees. The obtained 
glass pane was fourvJ to have a visible light reflectance from the coated side of 3S%, a dominant wavelength of 440nm, 
an excitation purity of 21%, and a transmittance of 62%. 

ss EXATt/IPLE 5 

[0030] In this example, Example 1 was repeated except in that the supply rate of titanium tetraisopropoxide was 40 
g/min in place of 240 g/min and that the mixture of titanium tetraisopropoxide (gas) and nitrogen gas was mixed with a 
nitrogen gas having a dew point of -SO'C and a flow rate of 1 .OOOnUmin, together with the air having a flow rate of 300 
30 niymln. The calculated partial pressures of the titanium compound, oxygen, and steam of the gas mixture were about 
0.25kPa, 4kPa and 0.04kPa, respectively 

[0031] Tlie titanium oxide film was found to have a refractive index of 2.37 and a thickness of 20nm, based on the 
spectral reflectance of the coated side of the glass pane. The obtained glass pane was found to have a visible light 
reflectance from the coated side of 1 8%, a dominant wavelength of 430nm, and an excitation purity of 1 9%. The X-ray 
35 diffraction pattern of the titanium oxide film was found to have first and second peaks at spacings between adjacent 
crystallographic planes of the titanium oxide of 3.5 arxl 1.9 angstroms where the diffraction angles 26 are respectively 

25 and 48 degrees. The relative heights of the first and second peaks were respectively 9 and 1 . The result of the abra- 
sion resistance test, the increase in transmittance, was about 3.0%. The rates and efficiency for forming the titanium 
oxide film on the glass substrate were 0.27 (tm/min and 17.4%. respectively. The photocatalytic activity test was con- 

40 ducted in the same manner as that of Example 2. After 1 0hr of this test, the contact angle of water drop was 1 0 degrees. 

COMPARATIVE EXAMPLE 1 

[0032] In this example, Example 2 was repeated except in that the position of the nozzle 5 was 70m downstream from 
45 the exit partition wall 8 of the tin bath 3 and ttiat the amount of steam in the gas mixture was adjusted to have a partial 
pressure of O.SkPa. The temperature of the glass substrate surface at the position of the nozzle was 260<>C . The tita- 
nium oxide film was found to have a refractive index of 2.28 and a thickness of 20nm. based on the spectral reflectance 
of the coated side of the glass pane. In the abrasion resistance test, the titanium oxide film exfoliated from the glass 
substrate by 40 rotations of the Taber abraser. The result of the X-ray diffraction analysis of the titanium oxide film is 
so shown by the X-ray diffraction pattern [C] of Fig. 2. In fact, the X-ray diffraction pattern was found to have only one peak 
at a spacing between adjacent crystallographic planes of the titanium oxide of 3.5 angstroms where the diffraction angle 

26 is 25 degrees. The photocatalytic activity test was conducted in the same manner as that of Example 2. After lOhr 
of this test, the contact angle of water drop was 31 degrees. It is assumed that the titanium oxide film was insufficient 
in compactness and too low in refractive index, since the glass substirate surface temperature was too low. Furthermore, 

Bs n was found that the titanium oxide film was Insufficient In crystallinity and thus in photocatalytic activity. It should be 
noted that scales of titanium oxide and titanium hydroxide accumulated on the device for forming the titanium oxide film 
and thus 30 minutes after the start of the CVD of the titanium oxide many streaks occurred on the titanium oxide fOm in 
a direction along the movement of the glass substrate. 
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COMPARATIVE EXAMPLE 2 

[0033] In this example, Example 1 was repeated except In that the titanium tetralsopropoxicle was replaced with tita- 
nium tetraethoxide and that the supply rates of the titanium tetraethoxide and the air were 300g/min and 20nLymin, in 

5 place of 240g/min and 300nL/min. respectively. The partial pressures of the oxygen, titanium compound and steam of 
the gas mixture were 1 .8kPa, 13kPa and O.OOIkPa. respectively. The titanium oxide fDm was found to have a refractive 
Index of 2.51 and a thickness of 42nm. based on the spectral reflectance of the coated side of the glass pane. The pho- 
tocatalytic activity test was conducted In the same manner as that of Example 2. After 10hr of this test, the contact angle 
of water drop was 29 degrees. It is assumed that the titanium oxide film was insufficient in crystalilnity and photocata- 

70 lytic activity, since the partial pressure of the titanium compound vapor was too high and the partial pressure of the oxy- 
gen was too low. Maldng a comparison between the results of Examples 1-S and the results of Comparative Example 
2, titanium ethoxide may be Inferior to titanium isopropoxide in obtainment of photocatalytic activity. 

COMPARATIVE EXAMPLE 3 

15 

[0034] In this comparative example, Exannple 1 was repeated except in that a methylene chloride solution containing 
20 wt% of titanium diisopropoxybisacetylacetonato, T-50 (trade name) of Nippon Soda Co., Ud., was sprayed onto the 
glass substrate at a rate of 2,500 g/min, thereby to form a titanium oxide film on the glass substrate by pyrolysis. In fact, 
the methylene chloride solution was sprayed from a spraying device under a liquid pressure of 90 kg/cm^ at a level 
20 250mm higher than the glass substrate surface, while a nozzle of the spraying device was reciprocated at a speed of 2 
m/s. In a direction perpendicular to that of the movement of the glass substrate, with an amplitude of 2.5 m. Further- 
nwe, a space for conducting the spraying was enclosed by a chamber, and the atmosphere of the chamber was 
exhausted at a rate of 15,000 nm^ per hour. 

[0035] TTie obtained titanium oxide film was found to have a refractive index of 2.29 and a thickness of 42nm, based 
25 on the spectral reflectance of the coated side of the glass pane. The X-ray diffraction pattern of the titanium oxide film 
was found to have only first and second peaks at spadngs between adjacent crystallographic planes of the titanium 
oxide of 3.5 angstroms and 1.9 angstroms where the diffraction angles 26 are 25 and 48 degrees, respectively The 
height of the second peak was one-twemh of that of the first peak. The glass pane was subjected to the abrasion resist- 
ance test. In this test, the increase of transmitlance after 200 rotations of the Taber abraser was 6.6%. This means that 
30 the titanium oxide film was Insufficient in adhesion strength. The glass pane did not have a high photocatalytic activity 
as those of Examples 1-5. Thus, it is assumed that the titanium oxide film of Comparative Example 3 is substantially 
lower in crystallinity than those of Examples 1 -5. 

[0036] The entire disclosure of Japanese Patent Application No. 9-233689 filed on August 29. 1997. including speci- 
fication, claims, drawings and summary, is incorporated herein by reference in its entirety. 

35 

Claims 

1 . A photocatalytic glass pane comprising: 

40 a glass substrate; and 

at least one layer formed on at least one major surface of said glass substi-ate. said at least one layer having 
an outermost layer made of a photocatalytic titanium oxide, said outermost layer being prepared by a chemical 
vapor deposition, 

wherein said titanium oxide is such that an X-ray diffraction chart of said titanium oxide has at least a first peak 
45 when a spacing between adjacent crystallographic planes of said titanium oxide is 3.5 angstroms and a second 

peak when a spacing between adjacent crystallographic planes of said titanium aodde is 1.9 angstroms and 
that said second peak has a height that is at least one-tenth of a height of said first peak. 

2. A glass pane according to claim 1 . wherein said X-ray diffraction chart of said titanium oxide further has a third peak 
50 wrtien a spacing between adjacent crystallographic planes of said titanium oxide is 1 .7 angstroms and a fburth peak 

wrtien a spacing between adjacent crystallographic planes of said titanium oxide is 1 .5 angstroms. 

3. A glass pane accordng to daim 1 . wherein said X-ray diffraction chart of said titanium oxide is obtained by allowing 
Ka X-rays from a copper target to impinge against said outermost layer. 

55 

4. A glass pane according to claim 1 . wherein said titanium oxide is of an anatase type. 

5. A glass pane according to daim 1 , wherein said outermost layer has a thickness that is not greater than 300 nm. 
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6. A glass pane according to claim 1 . wherein said at least one layer further has an interlayer interposed between said 
glass substrate and said outermost layer, said interlayer having a refractive irviex of from 2.6 to 2.9 arxJ comprising 
at least one metal oxide selected from the group consisting of chromium oxides, iron oxides, cobalt oxides and cop- 
per oxides. 

5 

7. A glass pane according to claim 1 , wherein said at least one layer further has an interlayer interposed between said 
glass substrate and said outermost layer, said interlayer having a refractive index of from 1 .55 to 2.0 and compris- 
ing at least one compound selected from the group consisting of aluminum oxides, tin oxides. Indium oxides, zinc 
oxides and silicon oxycarbida 

8. A glass pane according to claim 1 . wherein said chemical vapor deposition is conducted by a method comprising 
the sequential steps of: 

(a) providing a gas mixture comprising a vapor of an organic titanium compound and an oxygen gas; and 
IS (b) bringing said gas mixture into contact with said glass substrate that is under a heated condition, thereby to 

form said outermost layer on said glass sutjstrate. 

9. A glass pane according to claim 8. wherein said gas mixture further comprises a nitrogen gas. 

so 1 0. A glass pane according to claim 9, vi^erein said vapor of said organic titanium con^und has a partial pressure of 
from 0.1 to 10 kPa, and said oxygen gas has a partial pressure of from 3 to 40 kPa. 

1 1 . A glass pane according to claim 8. wherein said gas mixture is free of a steam. 

ss 1 2. A glass pane according to daim 1 , wherein said at least one layer Is fbrmed on one major surface of said glass sub- 
strate, and a reflective metal layer is formed on the other major surface of said glass substrate, so that said glass 
pane is usable as an antifbgging mirror. 

13. A method for producing a photocatalytic glass pane, said photocatalytic glass pane comprising a glass substrate: 
30 and at least one layer formed on at least one miyor surface of said glass substrate, said at least one layer having 

an outermost layer made of a photocatalytic titanium oxkJe. said outermost layer being prepared by a chemical 
vapor deposition, wherein said titanium cocide is such that an X-ray diffraction chart of said titanium oxide has at 
least a first peak when a spacing between adjacent aystallographic planes of said titanium oxide is 3.5 angstroms 
and a second peak when a spacing between adjacent crystallographic planes of said titanium oxide is 1.9 ang- 
35 stroms and that said second peak has a height that is at least one-tenth of a height of said first peak, said method 
comprising the sequential steps of: 

(a) providing a gas mixture comprising a vapor of an organic titanium compound and an oxygen gas; and 

(b) bringing said gas mixture into contact with said glass substrate that is under a heated condition, thereby to 
40 form said outermost layer on said glass substrate. 

14. A method according to daim 13, wherein said gas mixture further comprises a nitrogen gas. 

1 5. A method according to claim 1 3, wherein said vapor of said organic titanium compound has a first partial pressure 
4S of from 0.1 to 10 kPa, and said oxygen gas has a second partial pressure of from 3 to 40 kPa. 

16. A method according to daim 1 5, wherein said first partial pressure is from 1 to 5 kPa, and said second partial pres- 
sure is from 10 to 36 kPa. 

50 17. A method according to daim 13. wherein said gas mixture is free of a steam. 

18. A method according to daim 13, wherein the step (b) is conducted at a teirperature not higher than 75CyC. 

19. A method according to daim 13, wherein said glass substrate is heated at a temperature not kwer than SOO'C. 

55 

20. A method according to daim 19, wherein said temperature of said glass substrate is from 400 to 600»C. 

21. A method according to daim 20, wherein said temperature of said glass substrate is from 500 to 600'C. 
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22. A method according to daim 1 3, wherein, prior to the step (b), an interlayer is tbrmed on said glass sut>strate, said 
interlayer having a refractive index of 2.6-2.9 aixl comprising at least one metal oxide selected from the group con- 
sisting of chromium oxides, iron oxides, cobati oxides and copper oxides. 

5 23. A method according to daim 13, wherein, prior to the step (b). an interlayer is formed on said glass substrate, said 
interlayer having a refractive index of from 1.55 to 2.0 and comprising at least one metal oxide selected from the 
group consisting of aluminum oxides, tin oxides, irKlium oxides, and zinc oxides. 

24. A method according to daim 13, wherein, prior to the step (b), an interlayer is formed on said glass subsfrate, said 
10 interlayer having a refractive index of from 1 .55 to 2.0 and comprising silicon oocycarbide. 

25. A method according 1o daim 13, wherein said organic titanium compound is a titanium alkoxide. 

26. A method according to daim 25, wherein said titanium alKoxide is at least one selected from the group consisting 
IS of titanium tetraisopropoxide, titanium teframethoxide, titanium tetraetfioxide, arvJ titanium monochlorotrialkoxide. 

27. A method according to claim 22, wherein said interlayer is formed by bringing a gas mixture into contact with said 
glass substrate, said gas mixture comprising a vapor of at least one conpound of at lettst one metal selected from 
the group consisting of chromium, iron, cobalt and copper. 

20 

28. A method according to daim 27, wherein said at least one compound is at least one acetylacetonato of said at least 
one metal. 

29. A method according to claim 23; wherein said interlayer is formed by bringing a gas mixture into contact with said 
ss glass substrate, said gas mixture comprising a vapor of at least one compound of at least one metal selected from 

the groi4> consisting of aluminum, tin. indium and zinc. 

30. A method according to daim 29, wherein said at least one compound is at least one acetylacetonato of said at least 
one metal. 

30 

31 . A method according to claim 24, said interlayer is formed by bringing a gas mixture into contact with said glass sub- 
sfrate, said gas mixture comprising silane gas, an ethylenic hydrocari3on gas and carbon dioxide. 
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(54) Tltie: SELF-CLEANING GLASS AND METHOD OF MAKING THEREOF 



A self-cleaning glass, usable, for example, as a window or windshield, 
comprising a photocalalyst is formed on common glass by depleting alkali 
migration of such oxides from the glass into the {diotocatalyst-containing 
snd in the presence of air, the flhn su^ giime and - - 



coated with an c^tically clear and abrasion resistant film 
metal oxides from die glass and/or by fonning a barrier to the 
Upon exposure to light absoited by the photocalalyst 
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SELF-CLEANING GLASS AND METHOD OF MAKING THEREOF 



Field of Invention 

This invention relates to Ifae photocatalytic oxidative stripping of oiganic 
5 contaminants fix>m the sui&ceofglass and the pnKessofmaking such photocatalytic 
glass. 

Bacl^roand of die Invention 

It has been known for some time that photocatalysts, particularly titanium 

1 0 dioxide in fbs anatase phase, accelerate the air-oxidation of oiganic compounds upon 
exposure to light, usually ultraviolet, absorbed by the photocatalyst. See, for example, 
Photocatalytic Purification of Water andPat^ D.F. Ollis and H. Al-Ekabi, eds.. 
Proceedings of the First International Confisrence on Ti02 Photocatalytic Purification and 
Treatment of Water and Air, London, Ontario, Canada, 1S>93, Elsevier, Amsterdam. Hie 

1 S major sections of Has book describe the theory and fundamentals of titanium dioxide 
(Ti02) photocatalysis, photocatalyzed water and air treatment, reactor design and 
photocatalytic oxidation process economics. In all of these tqjplications the photocatalyst 
is bound to a ceramic substrate to which it adheres. For example, on page 123, R. W. 
Mathews describes Ti02 coated ghiss mesh and TiOj coated glass tube-based 

20 photoreactors. Another reactor witii a TiOj coated glass tube is described by T. Ibusuki et 
al. on page 376. The photocatalytic fihns described were all hght scattering, as they were 
made of photocatalysis such as Degussa P2S, e.g., with an abundance of titanium dioxide 
particles eq}proximately 0.1-0.3 microns in diameter. This pardcle size, even in the 
thinnest films, produces a milky ^>pearance. Such light scattering fihns are not efiBcient 

25 or usefiil in iqfjplications such as clear, self-cleanii^ glass sur&ces for windows and 
mirrors. 

It is also known that clear and adherent, non-light scattering Ti02 films can 
be made. Such known films aretrpplied to optical lenses of optical instruments to provide 
scratch resistance and are also e^plied in anti-reflective optical coatings, usually by 
30 reactive evaporation or by reactive sputtering of titaniimi in an oxygen-containing 
atmosphere. Such coatings can also be made by applying a solution containing a 
precursor of a photocatalyst, e.g., TiOa, to a glass surfiice, forming a precursor film and 
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heating to a high temperature where organic matter in the precursor film is oxidized and 
Ti02 is crystallized. However, on substrates consisting of glasses comprising more than 
about 10% by weight of combined alkali metal oxides, particularly sodium oxide (tiajO) 
and potassium oxide (KjO), these films are poor photocalalysts, i.e., when exposed to 
5 sunUgbt in air they do not oxidize organic contamiiiaiits at a rate adequate to maintain a 
clean glass sur&ce. For example, when coated with a fihn of stearic acid, Aey oxidize it 
tmder 2.4 mWcm'^ 365 nm irradiance at a rate of 4nm per hovir or less, i.e., reduce the 
diickness of the stearic acid film by less than 4nm per hour. Under the same conditions, a 
good photocatalyst strips a film of stearic acid at a rate of abotit lOnrn per hour or more, 

1 0 i.e., reduces the thickness of the stearic acid film by about 20 nm per hour (or mote). 

It has now been found that migration of sodium into the photocatalytic 
film, (e.g., leaching out of common soda lime glass), particularly during the fimnation of 
ihs film fiom precursors, results in severely reduced activity of the photocatalytic films 
and reduced photocatalytic efficiency of self-cleaning glass. It would be highly 

1 S advantageous to provide a means far reducing the deleterious effects of migrating alkali 
metal oxides and/or sodium on the photoactivity of self-cleaning, photocatalytic film- 
coated glasses. 



Summary of the Invention - 

20 We have discovered a barrier to the inigrationQfalkali metal oxides from a 

glass substrate into the photocatalytic coating that is thin, yet effective. Hiis barrier layer 
slows or blocks the migration of alkali metal oxides into the photocatalyst layer during its 
formation fix>m a precursor and also after its formation fiom the precursor. 

The preferred barrier is formed by first introducing into the near surfiice 

25 region of the glass to be coated, protons, i.e. hydrogen ions, by exchanging alkali metal 

ions with protons of an acid and/or by hydrolytic cleavage of silicon-oxygen-silicon bonds 
vnlh an acid, in a process called "add etching" or simply "etching". The hydrogoi or 
proton-containing glass layer is then reacted with a precursor of an oxide of a four-valent 
element, preferably a precursor of crystalline titania or zirconia comprising inorganic 

30 oxide. In this process, a thin, sodium-migration blocking layer comprising titanium, 
silicon and oj^gen and/or zirconiiun, silicon and oxygen is formed. 
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A sodium migration blocking layar is also fonned when the proton or 
hydrogoi-containing glass (acid glass), is reacted with a precursor of silica. A pFefetied 
process of forming the acid glass layer includes etching with acid, most preferably boiling 
in 9 M sulfijric acid. The sodium migration rediKing barrier l^er is preferably fonned 
5 upon heating the acid glass with a precursor of titania, and/or zirconia to a temperatuie in 
excess of about 300°C and less than about S0O°C and preferably about 400°C. 

The photocatalytic activity of a formed, opticaUy clear T102 layer on glass 
is also enhanced by treating the TiOj coated glass with a material that reacts with sodium 
oxide, particularly with a dilute acid that does not dissolve TIO2 in the form in which it is 

1 0 included in the coating. In general, the anion of an acid that does not dissolve Ti02 does 
not form a strong complex with four valent titaniimi. These types of acids include protic 
acid, Lewis acid and Bronsted acid, and can be in liquid or gas form. For example, nitric, 
perchloric, and tetiylfluoiboric acids are useable in the invoition, as they are not known to 
form complexes with four valent titaniuuL Chlorides, fluorides and sulfates are generally 

1 S not useable in the invention because they are known to strongly complex with titanium 
(IV). 

The imposition of a sodium migration blodcing layer on the sur&ce of a 
sodium contaiiiing glass, e.g., common soda lime glass, assures formation of the desired 
photocatalytic anatase phase by prohibiting nugration of sodium fix>m the glass and into 

20 the precursor of the photocatalytic film. This barrier also reduces sodium contamination 
of the anatase phase that lowers Has photocatalytic activity. A particularly useful sodium 
migration blocking layer is formed by {q>plying a film of an oiganotitanate that 
decomposes upon heating in air, a nascent, yet non-crystalline precursor of anatase Ti02, 
and reacting the precursor with the sodium-depleted acid glass prior to final calcining of 

25 the coated glass and at an elevated temperature, preferably about 450°C. After final 

calcination, a transparent, non-scattering, adherent nanocrystalline photocatalytic oxide 
film is produced, with a distinct, sodium migration-blockii^ inter&ce between the glass 
and the photocatalytic film. 

The photocatalyst coated glass of the invmtion, v^en exposed to 

30 ultraviolet light, efBciently cleans itself of organic contaminants. This photocatalyst 
coated glass of the invention is particularly usefiil in q)plications sudi as 
photocatalytically self-cleaning windows, windshields and mirrors. 
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Brief Description of tiie Flares 
Figure 1 is a graph showing the UV absorption spectra of Ti02 films on 

fused silica. 

Figure 2 is FTIR spectra of stearic acid coated on clear TiOj fihn on 
5 fused silica prior to (dotted line) and after (solid line) exposure to UVA light for 7.5 
minutes. 

Figure 3 is a gr^h showing the UV absorption spectia of Ti02 fihns on 
etched (dashed line) and on non-etched soda lime glass (solid line). 

Figure 4 is a graph showing the effect of the calcination temperature on 
1 0 UVA, i.e., near UV, photoactivity of clear films of titanium dioxide:(A) Two layers of 
Ti02 on fused silica, (B) Two layers of Ti02 on etched glass, (C) One layer of TiOj on 
etched glass, (D) One layer of Ti02 on one layer of Zr02 on etched glass. 

Figure S is a gnph showing tiie effect of etching duration on the 
photoefficiency of clear Ti02 films on soda lime glass. 

15 

DetaUed Description of the Preferred Embodiment 
The invention is directed toward self-cleaning glass and methods of 
making the same. Photocatalytic films can form the basis fin- self-cleaning or 
photooxidatively cleaning glass, useful, for example, as self-cleaning windows, murors, 

20 optical components, eyeglass lenses, and automotive windshields. Whenusir^ 

photocatalyst films, e.g. 1102, ^'Bse {plications, the following should be optimized: 
the absence of scattering of visible light; abrasion resistance to an extent that the film is 
typically not daniaged -wbea cleaned or vrbea impacted by dust particles; and an adequate 
photooxidation rate or efficiency in order to maintain a relatively clean glass sur&ce. Hie 

25 coated self-cleanii^ glasses of the invention provide an abraaon resistant, photioefBcient, 
optically clear, self-cleaning glass. 

Dqxjsition of organic contaminants on glass usually reduces visibility. 
Furthermore, light particularly fmm headlights of oncoming cars and fmm the sun •wbea 
the sun is low on the horizon, interferes with driving when the windshield is contaminated. 

30 Films of organic contaminants smeared on the windshield by wipers operating in rain also 
add to the hazard of driving. Light scattered fiom contaminants on outside or inside 
rearview mirrors of cars impairs visibility in tfiese mirrors. Dirt or fingerprints on lenses 
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or eyeglasses impair vision. The inventive films maintain surfeces clean of oiganic 
contaminants. Inorganic, non-oxidizable contaminants are readily removed by being 
blown or washed of^ once the organic matter that makes them stick to the glass sur&ce is 
oxidized. 

S The most preferred method for preparing photocatalytic glass is by acid 

etching the glass followed by application of the photocatalyst composition and then 
calcination. 

Photocatalytic Film 

1 0 The photocatalytic film coated glasses of the invention, e.g. containing 

photocatalytic particles and adherent to glass, are optically clear. They may have a tint or 
color, but do not absorb or scatter visible light so as to impair visibiUty through the glass 
or cause severe glare. The photocatalytic films also adhere to glass and resist abrasion. 
An inventive fihn adhering to glass cannot be removed by pressing adhesive tape against 

IS it, as discussed below in Example 1 , and r^dly pulling on it (Tape Test). An abrasion 

resistant film of the invention is not danaged vAisa cleaned with wet or dry papa or doth, 
and it typically is not scribed by a pencil of H2 hardness or softer. In general, fte 
photocatalytic film is formed of photocatalytic particles, e.g., Ti02, cast onto acid glass 
and calcined for specific adherence to the glass. 

20 The photocatalyst-containing films oftfae invention contain a material that, 

upon exposure to light, particularly UV light, accelerates the oxidation in air of organic 
compounds absorbed or deposited on the film. One example of such a film is a film 
containing crystalline, preferably anatase, titanium dioxide. The film is well bound to 
glass in the present invention, generally through an intermediate barrier layer that prevents 

25 migration of alkali metal oxides, e.g. sodium, yet is transparent to visible light 

Glass 

The glasses usefol in the present invention have varied compositions. The 
most commercially important and most common glasses comprise sodium and calcium 
30 ions and have a network formed of bonds of silicon and oxygen atoms. 

The self-cleaning glasses of this invention are usually photocatalytic films 
cast on common glass, v^ch is formed of silicon dioxide, alkali metal oxides (oxides of 
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Column I metals of tiie periodic table), particularly sodium and potassium, and oxides of 
alkaline earth metals (oxides of Column 2 metals of the periodic table), particularly 
calcium. In general, the ratio of the number of oxygen atoms to the number of silicon 
atoms is between 2.2 and 2.7 in the glasses of the inventioa In the preferred glasses, the 
5 ratio of oxygen atoms to silicon atoms is between 2.2 and 2.5. The glasses may contain 
other oxides, such as oxides of trivalent or tetravalent rare earths or oxides of aluminum, 
boron, antimony, gennanium, lead and tin. The glasses are transparent, meaning tiiat they 
can be seen through and are useM as windows, mirrors, windshields, and the like. An 
example of glass commonly used in such applications and useful in the invention is soda 
10 lime glass. 

The mediod of the invention is intended to prevent migration of alkali 
metal oxides from glass, particularly of sodium and/or potassium, into the precursor of the 
photocatalytic film and/or into the photocatalyst fihn by creating a barrier to the migration. 
When excessive sodium migration is prevented, the photocatalytic film formed iqpon 

1 S calcining of its precursor, can efficiently clean its sur&ce of oxidizable contaminants such 
as carbon-rich organic films. 

Glass that is conuneroially used in windows, mirrors, and optical lenses 
typically contains significant amounts of alkali metal oxides, such as sodium oxide and 
potassium oxide (usually at least about 10% by weight): Thus, the methods and coated 

20 glasses of the present invention provide for the first time an economically feasible self-, 
cleaning clear glass. 



Photocatalywt 

Photocatalysts useful in this invention are generally photoconductora or 
25 semiconductors having band gaps gjreater than 2.SeV and smaller than 4.5eV. The 

photocatalytic films are generally less than one micron thick, preferably about 40-80 nm 
thick, and consist of sufficiently small particles to avoid scattering of visible light. 
Alternatively, the crystallites of the photocatalytic particles are densely packed and 
oriented so that they do not scatter visible light. The preferred photocatalysts are 
30 crystalline oxides, particularly crystalline oxides comprising titanium, tin, tungsten or 

molybdenum. A particularly useful photocatalyst is titanium dioxide in the anatase phase. 
Other photocatalysts include Ti02 with co-catalysts such as Pt, Pd, Au, Ag, Cu, W, Mo, or 
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their sulfides and oxides; compound oxides such as (SrTiOs) or CaTiOs, and Ti02 in the 
rutile phase or in the mixed anatase and nitile phases. While a preferred photocatalyst, 
titanium dioxide, is exraiplified herein, it is undostood that other photocatalysts, e.g., 
those described above, foiming clear films on glass may also 1m used. 
5 Titanium dioxide in the anatase or the nitile phases has an index of 

refiiaction of visible (yellow) light greater than about 2.4. Coating of photocatalyst films 
on glass having a low refiactive index, e.g., soda lime glass which has a refi»ctive index 
below 1 .6, causes an increase in the refiactive index. In the specific case of automotive 
windshields such an increase can be undesirable, because as the angle between the 

1 0 dashboard and the windshield is reduced or the index of refiaction of the windshield is 

raised, the reflected image of the dashboard becomes visible to Has driver looking througih 
the windshield. Such reflection is reduced by forming the photocatalytic film of a 
combination of the photocatalyst and a material having a lower refiactive index than that 
of the photocatalyst An example of such a film is one comprising non-crystalline silicon 

1 S dioxide (Si02) and anatase or nitile 1102. By way of example, if the fibn contains up to 
90 weight% Si02, then the index of refiaction, in the visible, is only about 1 .46. (As 
compared with 2.4-2.7 in the absence of Si02.) 

Photocatalyst Prefflrsor 

20 In the present invention, a photocatalyst precursor is generally a film 

fomied of a non-crystalline, three, four, or five-valent element, preferably of an oxide of 
such an element, which film forms an active photocatalytic film, eg., on calcining in air. 
The oxide is non-volatile at about 600°C, and the preferred three, four, or five-valent 
elements are titanium, tin, tungsten, or molybdenum. Most preferred is Ti^. 

25 The photocatalyst-precursor films can be formed by then: deposition fiom a 

liquid phase, or &om a v^r phase. Usefiil photocatalytic precursor compositions include 
alkoxides, halides and oxyhalides of titanium, tin, tungsten, or molybdenum, e.g., a 
titanium tetralkoxide. A most prefeiied photocatalyst precursor is a film formed upon 
partial hydrolysis of titanium tetiaalkoxide, followed by polymerization by condensation 

30 oflhehydrolysate. 

When a photocatalyst-comprising film having a lower refiactive index than 
that of the photocatalyst itself is desired, for example for use in automotive windshields as . 
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described above, the sol of vMch the photocatalysts precursor film is cast, in addition to 
the photocatalyst precursor, also contains a precursor of a lower refiactive index film. For 
example, a preferred second component or precursor sol is a pirecursor of silicon dioxide, 
e.g., formed by co-hydrolyzing a silicon alkoxide, such as a silicon tetraalkoxide silicon, 
S alkyltrialkoxide or dialkyldialkoxide, co-dissolved with titanium alkoxide acetylacetonate. 
The ratio of the amounts of the silicon and titanium oxide precursors in tiie sol aie 
adjusted as needed to obtain the desired refiactive index. The photocatalytic fitan 
compositions range fiom pure titanium dioxide to compositions having a 1 : 1 0 titanium 
dioxide:silicon dioxide molar ratio. Prefened low-refiactive index films coniprise vitteous 
1 0 silicon dioxide and crystalline titanium dioxide phases. 



Barrier Layer 

In the present invention, a barrier layer is defined as a barrier that slows or 
stops the diffiision or migration of alkali metal ions (e.g., sodium ions) and/or alkali metal 

1 S oxides (e.g., sodium oxide) into the photocatalyst precursor film or into the photocatalyst 
film. The barrier iayer qpeiates at the termperBtures that the inventive photocatalyst 
precursor and photocatalyst fifans experience, and for the duration of the fihns. 

In general, the barrier of the invention is the product of fhs reaction 
between hydrogen glass and a photocatalyst precursor as defined above. In the barrier, 

20 the most preferred three, four, or five-valent elements are H**, Zr**, Ge**, Sn''*, and Si**". 
The most preferred barrier film is the reaction product between acid glass and the 
precursor of Ti02, and includes the elements silicon, titanium, and oxygen. 

25 A photocatalyst containing layer can be formed on the sur&ce of the glass 

fiom a vapor phase or fiom a precursor dissolved or disqpersed in a liquid. Theprefeired 
liquids containing the precursor are long lived sols. An example of these is described in 
Example 1 . Stable sols can be formed, for example, of titanium tetraalkoxides, by reacting 
these first vnih acetylacetone, then with water. The sols contain polymers of the precursor 

30 species or crystallites of the photocatalyst that do not have a longest dimension greater 
than about 30nm and most preferably not greater than about 20 nm, and are preferably 
smaller than about Snm in their larger dimension. Theprefeired liquid phase in which the 
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sol is dissolved or dispersed comprises alcohol in racess. Alcohols such as n-piopanol, 
methanol, and butanol are useable. 

A film of this liquid is q>plied to tiie glass surface, preferably to acid or 
etched glass, formed by acid etching (boiling in 9M sulfuric add). The volume eqjplied 
S and the concentration of the precursor are selected so that the final thickness of the 
photocatalyst-containing layer will not be less than lOmn nor more than SOOnm. The 
preferred final fhidcness is 20-200nm. The film can be formed by known methods, such 
as spraying microdroplets while the glass is cold or hot; dipping the glass in the liquid 
then removing it; pouring the liquid onto the glass and leveling the liquid layer 

1 0 mechanically or by spinning. 

The film can also be formed by other methods, including a dry process, 
such as sputtering or evt^rating a metal and then oxidizing it; or by reacting a low 
molecular weight molecular or metallic precursor in the gas phase prior to its deposition 
on the glass. For example, a titanium tetiaalkoxide can be evirated and decomposed 

IS either en route to or on the sur&ce of the glass. HClt can be reacted with water to form 
Ti02 en route to Has sur&ce. In addition, metallic H can be reactively sputtered in an Oj 
containing atmosphere to form a Ti02 film. 

In contrast to prior attempts at coating common glass, relatively active 
photocatalytically self-cleaning films are formed on common window glass (soda lime 

20 glass) when the glass sur&ce has been treated with a reactant^t produces a hydrogen- 
containing acid glass by exchanging sodium ions with protons and/or by hydrolysis of 
Si-O-Si bonds, both of which may occur upon acid etching. When materials such as 
sodi\im oxide in the glass difiuse into part of the photocatal3rtic film layo: near the glass, 
phases other than the desired crystalline photocatalyst phase form, and ibiB desired 

25 crystalline phase can become excessively sodium-contaminated. As a result, some of the 
photoactivity of the film is lost Reactants that are usefii] in exchanging sodium ions or 
other alkali metal ions of the glass at or near its sur&ce (by protons) and thus increase the 
photocatalytic activity of the coated glass, are generally acids. When the acid glass reacts 
with a precursor of the crystalline Ti02> Zr02 or Si02 film, a sodium migration reducing 

30 barrier layer is formed. Even in the presence of this barrier layer, some photoactivity of 
the crystalline titanium dioxide-comprising films on glass is still lost when sodium oxide 
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ftom the glass diffiises into part of the titanium dioxide layer near the glass. Photoactivity 
can be partially restored by subsequent add treatment 



Etching is the process whereby the reactive acid glass is fonned. 
Chemically, etching may involve one or both of the following processes: Bcchange of 
alkali metal (e.g., sodium) ions of the glass with protons; and scission, flnough hydrolysis, 
of Si-O-Si bonds. In both processes, a glass having SiOH junctions is produced. An 
enxample of an etchant is boiling 9M aqueous sulfuric acid. This is ibe prefened etdiant 

In a preferred process of making the photoactive film on glass, the glass is 
first exposed to acid so that sodium ions are extracted fix>m its surfece, being exchanged 
by protons and thereby forming an acid glass with silicon-bound OH-groups. The 
treatment with acid can be at ambient or, preferably, at higher tsnperatures, e.g., at the 
boiling temperatures of the acid. The glass sui&ce can be rinsed following exposvae to 
the acid with water, preferably deionized water, so as to remove any water soluble sodium 
salt It has been noticed that treating of the glass with an acid prior to applying the 
photocatalytic coatmg to the glass leads to a higher photoefBciency. If flie rinsing step is 
performed, the rinsing soltition can be deionized water, or it can also contain a volatile 
base or ion such as ammonium hydroxide or an ammonium salt 

Preferred acids for etching glass include those y^ch form a hydrogen 
glass upon reaction with the glass. An example of such an acid is 9M (50%) sulfisic acid. 
Most preferably, the glass is reacted with boiling 9M H2SO4. 

The photocatalyst precursor or photocatalyst containing film is then 
deposited on the acid-treated surface. The acid treated glass should not be calcined prior 
to application of the catalytic film, as such calcining lowers lias photocatalytic activity. It 
is suggested that reaction between the acid-treated glass and the photocatalyst crystalline 
precursor establishes a sodium-migration barrier at the interfece of the glass and the film. 



The acid-treated and optionally rinsed glass is coated wiA the 
photocatalyst precursor. When coating is with a liquid, it is preferred that the precursor be 
in the form of a sol having an ambient temperature shelf life longer than a day. The sol 
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can be fonned, for example, from a titanium tetraalkoxide, such as titanium 
tetraisopiopoxide. The tetraalkoxide is first reacted in an alcohol solution, preferably in an 
access alcohol, and preferably in an alcohol solution v^ere the alcohol differs fiom the 
one that is evolved fiom the tetraalkoxide upon its hydrolysis. Ahfaough the sol can be 
5 formed by adding \vater to the titanium tetraalkoxide solution, in the preferred process the 
titanium tetraalkoxide is first reacted witii a bifimctional conq)l«dng agent, such as 
acetylacetonate, to form a complex v^iere tiie titanium to acetylacetonate ratio is 1 : 1 . 
This complex is then hydrolyzed, prefaably at room temperature, by adding water 
(preferably dissolved in alcohol), preferably at a molar ratio of 10 moles of water per 1 

10 mole of titanium. The resulting precursor sol is generally stable, meaning that ^en 
stored for at least a day at a temperature between S°C and 3S°C the solution remains 
substantially dear. 

A uniform fihn of the photocatalyst-containing compounds is cast on the 
glass through a process such as spinning, dipping, painting, spraying or s^ljring an 

IS excess ofsolution then spreading it with a blade. The cast film is then allowed to dry. 

The dried-film coated-glass is next calcined, e.g., heated at a temperature to form 
photocatalytic crystallites and' cause the photocatalyst layer to adhere to the glass. 

20 Calcination is preferably by heating in air at a rate resulting in a temperature increase of 

5(fC per miimte, then holding at the desired calcining temperature, preferably for about IS 
to 30 minutes. The coated glass is then cooled. At this point, this glass is 
photocatalytically self-cleaning within the scope of the invention. 

The calcination temperature is generally in excess of 27S°C and less than 

2S 6S0°C, and preferably is in the range of 400°C-6S0°C. For calcining fifans on glass, tiie 
most preferred temperature is in the range of 400-SS0*'C; for films on silica, the most 
preferred range is SS0-600°C. 

Acid Wash - Post Treatment 
30 The photocatalytic activity (i.e. the rate at which the glass cleans itself of 

an organic contaminant) of the already photocatalyst-coated glass can be further increased 
by a second treatment, termed "post-treatmenf with acid. Post-treatment, even in the 
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absence of initial acid etching to form tbe acid glass, inoeases the low photocatalytic 
activity, though only to a lesser level than that observed \s*en the glass was add etched 
prior to deposition of the photocatalyst precursor. Applicants have found that multiple 
acid treatments can increase the self-cleaning glass's photoefBciency. 

In this second, acid wash, post treatment step, the photocatalytic-film- 
coated glass is again exposed to an acid that reacts with or neutralizes sodium oxide or 
calcium oxide or a product of these. The preferred acids for this process step are strong 
mineral acids, the ions of which do not form strong complexes with four valent ions such 
as titanium ions (Ti**). Dilute aqueous nitric acid, and particularly nitric add of O.IM to 
3M concentration, with a iweferred concraitration of 0.2M is usefiil for this process step. 
Odier usefiil acids include tetra fluoboric acid and dilute perchloric acid. Examples of 
acids that are not useful are 6M aqueous hydrochloric acid and 6M aqueous sulfuric add, 
both of which dissolve or damage the photocatalytic titanium dioxide film on the glass. In 
the final process stage the glass taay be rinsed, preferably with water, then dried. 



s of Self-Cleaning OtoM 

The inventive self cleaning glasses include a substrate glass, barrier and a 
photocatalyst, as described above. 

Self-cleaning glasses of the invention prepared as described above have 
coatings that strongly adhere to Hts glass and are abrasion resistant These self-cleaning 
glasses have a photoefBciency, as defined in Example 1 , -wbea a film stearic acid is 
photoreacted, of at least 3.5 X 10*^. In more gaieral terms, the glasses of the invention 
have a photooxidation rate sufBcient to oxidize daily, in direct sunlight, organic 
contaminant fihns at a rate of SO mn per day or more. At this rate, inqiaiied vision due to 
a dirty windshield or lens of an eyeglass is minimized. SO nm thick spots of contaminants 
interfere with vision, for example, by scattering ligiht and causing glare. The glasses of the 
invention, as discussed more fiilly in Exanq)le 1 , can also withstand successive 
applications and removals of scotch tape on their coated sut&ces (tape test). Glasses of 
the invention can withstand being scribed with pencils of hardness H2 or softer as 
described in Example 1 . 
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EXAMPLES 

The invention may be further understood by reference to the following 
examples, A^ch are not intended to limit the scope of die invention in any way. 

Example 1 

Preparation of clear photoactive films of titanium dioxide 
on fused silica slides by spin coating 

Clear, iqiproximately 60 nm thick fifans of titania were produced on fused 
silica by a sol-gel process. The sol was made of a precursor solution prepared by mixing 
4.5 mL Ti(OCH(CH3)2)4, (97% in propanol) with 10.0 mL n-propanol and 1 .6 mL 
acetylacetone (acac) to provide a stock solution having Ti:propanol:acac molar ratio of 
about 1 :9: 1 .OS. After aging for a week at room temperature (about 20°C - 2S°C), a casting 
solution was prepared by mixing 1 .0 ml of the precursor solution with a 1 .8 ml water/n- 
propanol solution (1:9 v/v), the resulting water to titanium lado being about 11:1. A dear, 
yellow casting solution, stable for at least two months and having a viscosity of 2.3 qp was 
obtained. Viscosity was measured usmg a fidling ball type viscometer. 

Prior to casting, the fused silica slides were rinsed in a cleaning solution 
(usually methanol), washed Aoroughly with de-ionized water, and dried in a stream of air.- 
The casting solution was then spread on the substrate (0.03 mL per 2.5x2.5 cm slide) 
whidi was spun, after the s^lication, for 2 minutes at 4000 rpni to dryness. Intfaenext 
stage, the coated silica slides were heated in air to S00°C at a rate of 50°C min'' and were 
calcined at this temperature for 30 minutes. The calcination transformed the product of 
the hydrolytic reaction into a microcrystalline oxide, stripped all organic residues, and 
bound tiie Ti02 film to the substrate. Multiple TiOj layers were produced by applying a 
layer, drying in an oven (90°C, 10 minutes), tqiplying anodier layer and finally calcining. 

The process yielded imiform, clear and non-scattering films, as measured 
with a HP 84S2A spectrometer (Figure 1). Comparison with the UV absorption 
spectrum of "milky" film coatings made of larger particles (Degussa P-25) revealed that 
the absorption edge of the clear films was shifted by 30-40 nm to the blue, as expected 
for luuioparticles in which electrons are confined. 

The thickness of the films, 60±1 5 mn for a one layer film, was 
determined with an Alpha step 200 profilometer (Tencor Instruments). Transmission 
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electron diffraction patterns and images of the thin films were obtained using JEOL- 
1200EX and JEOL-2010 microscopes. For these measurements, the fihns were 
detached from their supports by pressing 200 mesh copper grids against the film s while 
boiling in potassium hydroxide solution (6 M), following by thorough washing of the 
5 grids with water to remove any potassium residues. The electron diiSaction ring 

patterns obtained by this method were indexed as that of TiC>2 in the anatase phase and 
the dark field imaging suggested that the crystallites were segmented, with a typical 
segment being approximately 3 nm in diameter. 

The resultant films were not damaged v/bea wiped aggressively with any 

10 of several types of paper, including "Kjmwipe", ofSce copying machine p{^, and 
newsprint, vt^edier dry or weL Furthermore, the films could not be removed by 20 
successive applications and removals of Scotch® adhesive tape (3M-810), nor damaged 
when scribed with pencils of hardness H2 or softec. 

The photoactivity of the various coated slides was tested by casting tiiin 

1 S fihns of stearic acid (CH3(CH2)i6COOH) on the TiOz-coated substrates and measuring at a 
defined inadiance the rate of decrease in the integrated absoibance of the ensemble of the 
C-H stretching vibrations between 2700 cm'' and 3000 cm'' . 

The measurements were performed on batches of 8- 1 2 slides. The 
organic films were cast by applying 3x1 0"2 ml of 8.8x1 M stearic acid in methanol 

20 per slide and spinning at 1000 rpm for 2 minutes to dryness. The integrated ER. 

absorbance of the stearic acid films was measured by a Nicolet Magna IR-7S0 FTIR. 
The actual number of stearic acid molecules on the surface was calculated based on the 
integrated absorbance of densely packed monolayers of homologs having a known area 
per molecule (such as octadecyl trichlorosiiane, arachidic acid and behenic acid). A 

2S typical stearic acid film had, prior to illuinination, an integrated absorbance of 0.6 cm" 1 
corresponding to ~ 1 .9x 1 0 1 5 molecules cm~2 . 

The UV light source for the photoefficiency measurements was either a 
UVA wide band lamp, the peak emission being at 36S nm (Hideaway 6000 Solarium, 
HeUtron Ltd.) or a 254 nm line-emitting mercury lamp (Sylvania G30T3). The 

30 irradiance, measured at the slide surface, was 2.4 ± 0.4 mW cm-2 for the UVA source 
and 0.8 ± 0.1 S mW cm~2 for the 254 nm source, corresponding to respective fluxes of 
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4.4x10^5 photons sec"! cm'^ and LOxlO^S photons sec"! cm-2. These fluxes resulted 
in photocairier generation rates differing only by a factor of 1 .3, because of the large 
fraction of 254 nm UV photons absorbed in the 60 nm thick films in comparison to the 
lower fraction absorbed at the longer wavelength. The values given for the iiradiance 
5 are the average between the readout of a JBAIOO power meter and a second 
measurement by a well known photochemical method, potassium ferrioxalate 
actinometry. 

Within the context of this application, the photoefBciency is defined as 
the number of carbon - hydrogen bonds of stearic acid stripped fiiom the photocatalyst 

1 0 surface per incident photon, dAxKxN/f, where dA is the change in the integrated IR 

absorbance of the C-H vibrations of the stearic acid per minute; K is the number of C-H 
bonds in a stearic acid molecule (35); N is the number of stearic acid molecules per cm^ 
per integrated absorbance unit, having a value of 3.17xlOl5; and f is the irradiance 
(2.6x 1017 photons cm"2 minute"! for the UVA source and 6xl0'6 photons cm-2 

1 5 minute'! for the mercury lamp). 

The integrated absorbance of the organic contaminant's infrared C-H 
stretching vibrations was measured as a frmction of the e]q)osure time. Figure 2 
presents the Fl'lK spectra of a Ti02 film on silica contaminated with stearic acid prior 
to and after exposure to the UVA light for 7.5 minutes. In general, the rate at v^ch the 

20 stearic acid film was stripped remained constant during the e:qx>sure, as long as a 
continuous stearic acid fihn remained on the surface of the photocatalyst. Thus, the 
efBciency of the photoreaction was generally independent of time, remaining constant 
throughout the reaction period. Table 1 presents the integrated absorbance of stearic 
acid on silica coated with the photoactive Ti02 films following illumination with the 

25 UVA light. The efficiency in the table was calculated based on the change following 7.5 
minutes of illmnination. 

The photoefBciency of a fiised silica substrate coated with a single layer 
of Ti02 film was between 14x10-3 and 21x10-3 upon illumination with the UVA light 
and between 45xl0"3 and 81x10-3 upon illumination with the 254 nm light, the ratio 

30 between efficiencies being scaled with the ratio in the number of photons absorbed per 
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cm2 per second at each wavelength. Values, averaged over more than 25 slides are 
presented in table 2. 



Iabl£_l 



1 SUde 
No. 


No. of 
Ti02 
layers 


Integrated 
absoibance 


integrated 
absoTfoance 
t=3.75 min. 


Integrated 

absorbaace 

t=7 5 mm 


Integrated 
absorbance 
t=15 mm 


efficiency 1 


65 




0.88 




0.55 


0.31 


18.8x10-3, 


205 


1 


0.63 


0.51 


0.35 


0.2 


15.9x10-3 


206 


2 


0.78 


0.60 


0.45 


0.2 


18.8x10-3 


247 


2 


0.89 


0.70 


0.58 


0.24 


17.6x10-3 


249 


2 


0.83 


0.70 


0.57 


0.25 


15.9x10-3 



Table 1: Changes m the mtegrated absorbance of the FUR C-H stretch band of stearic 
acid on silica slides coated with clear and photoactive Ti02 upon illumination with 
UVA light. The efficiency given in the table was calculated based on the change after 
7.5 minutes of exposure. 



Table 2 





Glass-substrate ~ 


Silica^strate 


365 om < > 




365 nin 


254 nm 


(cles-) 
on non-ctched substrate 


(0.7±0.35)xlO-3 


(17.5±3.5)xlO-3 


{I7.5±3.5)xl0-3 


(63±17.5)xl0-3 


T|02 
- (clear) 
[ on etched substrate 


(9.1±2.8)xlO-3 


(58±18)xl0-3 


(21±3.5)xl0-3 


(73.5±28)xl0-3 



Table 2: Photoefl5ciency (number of C-H bonds consumed per impinging photon) of 
Ti02 clear films on glass and on fiised silica substrates, showing the effect of H2SO4 
etching of the substrate upon the efficiency. The values are averages for 20-30 samples. 



wo 97/07069 



17 



PCTAJS9<Sn2792 



Example 2 

Preparation of clear photoactive films of titanium dioxide 
on soda lime glass slides by spin coating 

5 Clear, photoactive films of titanium dioxide were produced on soda lime 

glass (Coming 2947, composed of O (60 atom%), Si(24.5 atom%), Na(10 atom%), 
Ca(2.5 atom%), Mg(2 atom%), and Al(l atom%) by the sol-gel method described for 
Example 1 . In the first step of their preparation, the substrates were cleaned by an 
organic solvent (usually methanol or chloroform), then etched by boiling them for at 

1 0 least 30 minutes in fuming 50% (9M) sulfuric acid at 240''C. After being cooled to 
ambient temperature, the slides were washed with de-ionized water and dried in a 
stream of air. Then, the same organotitanate coating solution described in Example 1 
was applied onto the surface (0.04 ml per 3.75x2.5x1 mm slide) which was spim, as 
described for Example 1 . The coated glass substrates, were calcined usually at a 

15 temperature of 400 °C, thus producing clear and homogeneous films, denoted as GE 
films. For comparison, Ti02 films on non-etched glass slides, denoted as GN, and 
Ti02 films on etched and on non-etched silica (denoted SE, SN respectively) were 
produced in the same manner. Thicker films were produced either by applying a first 
layer of the titanate precursor solution, oven drying (90 "C, 1 0 minutes), applying a 

20 second layer and calcination or by repeating the single layer preparation process. The 
former class is denoted as (2), whereas the latter is denoted as (1+1). 

All fihns, whether GE, GN, SE, or SN withstood the abrasion tests 
described in Example 1. A ratio of BET (Brunauer-Emmett-Teller) to geometrical 
surface area of approximately 20 was determined for the Ti02 coated glass slides by N2 

25 BET adsorption isotherms, using a Micromeritics AccuSorb system. Characterization 
of the fihns, i.e. UV, TEM and profilometry measurements were performed as described 
in Example 1 . Figure 2 shows the UV absorption spectra of clear Ti02 films on etched 
glass (dashed line) and on non-etched glass (solid line), the latter being blue shifted by 
4-5 nm with respect to the former. As seen below, the difference between the spectra of 

30 films on etched glass (GN type) may have resulted of the GN type films not having the 
anatase phase or of smaller crystalUne domains in the GN type films. "Plan view" TEM 
images of the Ti02 films, detached from their substrates in the same manner as 
described in Example 1, revealed a distinct difference between type GE and type GN 
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films. Type GE films were found to be identical to the SN films described in Example 1 
(i.e. consisted of segmented nanocrystallites having the anatase phase) whereas the type 
GN films were typical for materials having no long range order, with a diffused ring in 
their selected area diffraction pattern conesponding to an inteiplanar distance of 2.6 -3.6 
A. 

The compositions of the supported films, as well as of the glass 
substrates, were measured by x-ray photoelectron spectroscopy (VG-ESCALAB). To 
obtain depth profiles, the samples were sputtered with an argon gun (Varian 981-2043, 3 
kV, 25 mA) and re-measured. The estimated sputtering rate was 0,1 5 nmmin.-l. For 
these measurements, the samples were cut into 8 mm x 8 mm slides, that were attached 
to their pedestals by a conducting adhesive tape to reduce charging during the sputtering 
process. 

Table 3 presents the percentage of sodium atoms in various Ti02 clear 
films on soda lime glass, and in glass slides, some pre-etched, some non-etched and 
some calcined after being etched, as deduced fix)m the XPS measurements. These 
values are based on the area of the sodium and oxygen 1 S peaks taking sensitivity 
fectors (sf) of 2.51 and 0.63, respectively, and on the area of the 2P doublet (2P3/2 + 
2P 1 /2) peak of titanium, taking a sensitivity ^or of 1 . 5 9. Whenever silicon was 
found, for example in the glass samples or after prolonged sputtering of the Ti02 
samples, its atomic fiaction was calculated bom its 2P peak (s:M).17). No constiUiCTts 
apart fix>m titanium, oxygen, and sodium were found in the Ti02 films. 
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d by XPS, in soda lime glass and in clear films of 



TiOj on soda lime glass. 

A high atomic fiaction of sodium was measured not only at the interface 
between the Ti02 and the glass but also at the air interface. The concentration of 
sodium at the air interfEice was actually higher than in the bulk of the films. Evidently, 
the sodium diffusion length exceeded the film thickness and sodium segregated at the 
sur&ce of the titanium dioxide film. The effect of etching the glass prior to coating with 
the Ti02 precursor on the sodium concentration at the Ti02 film surface is evident, the 
atomic percentage of sodium in the GE films being 2-3 times lower than that in the GN 
films. In the GN fihns the atomic percentage of sodium exceeded that in the bulk of the 
soda lime glass (10 atom%), showing that the fihn was not only contaminated with 
sodium, but actually extracted sodium fi»m the glass. The amount of sodixim in the 
thicker photocatalyst films made by flying two layers of the organo-titanate precursor 
and then calcining, was only slightly smaller than in films made of one layer. A high 
atomic percentage (7.5%) of sodium was found on the gUiss sur&ce after it was etched 
and calcined. Nevertheless, the fraction of sodium at the stirface of the non-etched but 
calcined glass was far higher (35%). Thus, the pre-etching of the glass prior to 
application and calcining the photocatalyst precursor film caused effective blocking of 
sodium migration into the photocatalyst film. 
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The photoefBciency of the photocatalytic stearic acid stripping process, 
as defined in Example 1, was between 5x10-3 and 12x10-3 for the GE slides illiiminated 
with the UV A light whereas for the Ti02 films made on non-etched glass (the GN 
films) it was at least 7 times less. The photoe£Gciency results obtained for a batch 
containing 12 slides, half of v*4iich were GE type while the other half were GN type are 
given as an example in Table 4. In Table 2 the average photoefficiencies obtained for 
Ti02 clear fUms on fused silica, on glass etched by H2SO4 prior to coating with the 
titanium precursor, and on non-treated glass are presented. Each value listed in the table 
represents an average for more than 25 samples. For soda lime glass substrates, a large 
difference in the photoactivity was found between GE type and GN type samples, ibs 
latter being several times less efiScient than the former. This difference was greater for 
excitation upon 365 nm photons than by 254 nm photons. In contrast to the observed 
difference in efBciency between films on etched and on non-etched glass, etching did 
not increase or reduce the photoactivity -wbga the films were coated on fused silica. 
TABLE 4 



Slide No, 


W^^' \^pr^ireatiaait:--'' 


,«K«oefBcienc^<%) 


398 


50% H2SO4 (boUed), 30 min. 


4.9 X 10"' 


399 


50% H2SO4 (boUed), 30 min. 


5.25 X 10"' 


400 


50% H2SO4 (boUed), 30 min. 


8.4 XIO-' 


401 


50% H2SO4 (boiled), 30 min. 


8.05 X 10"' 


402 


50% H2SO4 (boiled), 30 min. 


7.7 XIO"' 


403 


50% H2SO4 (boiled), 30 min. 


8.05 X 10"' 








404 


without pre-treatment 


.35 X 10"' 


405 


without pre-treatment 


.7 XIO"' 


406 


without pre-treatment 


.7 XIO"' 


407 


without pre-treatment 


.35 X 10"' 


408 


without pre-treatment 


.35 X 10"' 


409 


without pre-treatment 


0.0 


410 


without pre-treatment 


.7 X10-' 
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The dependence of the efGciency of clear films of titamiun dioxide on 
the calcination temperature is seen in Figure 4. In etched glass type (GE) films on soda 
lime glass, the efficiency decreased when the calcination temperature exceeded 450'*C 
(B,C), whereas on fused silica no decrease in efficiency was observed at higher 
5 calcination temperatures (A). The absence of loss of efBciency in silica-supported films 
indicated ^t the cause of loss in the photoactivity was not sintering, leading to lower 
sur&ce area. The results obtained with 2S4 nm light were similar, but the decrease in 
photoactivity of Ti02 on soda lime glass upon calcination at elevated temperatiires was 
less pronounced. 

10 The e£fect of the duration of the etching in sulfuric acid at 240°C on the 

365 and 254 nm photoefficiencies is seen in Figure S. While etching for 10 minutes 
sufficed to produce a film which was highly photoactive under 254 nm light (filled 
circles), more than 45 mintites of etching were needed for best activity under 365 nm 
light (open circles). 

15 

Table 5 



number 
and(#of 

1(2) 


FOmType 
and wave- 
lepgth 




Double 
^cai cmation 




NflJOj 
treatnicnt + 
calcination 


NaOH 
soaking 


soaldn|'^/| 


P-25, 365 

nm 
Degussa 


55,3 X 10-' 


40.6 x 10' 


40.95x10' 


9.45 X 10' 


4.2 X 10 ** 


6Jxl0"' i 


2(2) 


P.25, 254 
Degussa 


92.75x10-' 




136.85x10 '' 


33.6 X 10" 


75.6 X 10"' 


10.15x10"* 


3(2) 


Etch glass. 
4 layers, 
365 nm. 




1435x10' 


6.3 X 10-" 


0.35 X 10-" 


0" 


o" 


4(2) 


Etch glass, 
365 nm. 


12^5x1 0'' 


I3.65xlff* 


9.1 X 


2.8x101"-' 


10.85 X 10"' 




5(1) 


Etch glass, 
365 nm. 


16.45x10-^ 


12.6 X lO' 


17.6x10-*' 


07.35 X lO-*" 
12.95 X lO"*'' 






6.7(4) 


Etch glass, 
7 layers, 
36Snm. 


18.2x10' 






llJxIO'" 




1 1.2x10-" j 



Table S: Photoefficiency of TiO, films, expressed as the number of C-H bonds in a steric acid fibn consumed per 
20 impinging photon. 

8-Dipping in NaNO, (I M, 10 minutes. 20»O. 
b-Dipping in NaOH (1 M. 10 minutes, 20°C). 

c-Batch 4 obtained by vrashing batch 3 slides with methanol to remove stearic acid residues, immenion ii 
- water and drying. 
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d-Dipping in NaNOj (0.2 M, 10 minutes. 20°C). 
e-Wasfaing after calcination. 

f-3 layers of TiOj, calcination. NaNOj layer by spin coaling (0.2 M. 1250 rpm. I minute), calcination, 
washing and coating with 4 additional l^eis of TiOj. 
5 g-3 layers of TiO,. calcination. NaNO, l^er by spin coating (0.2 M, 1250 ipm, 1 minute), calcination, 

washing and coating with 4 additional layers of TiOj. 

Table 5 demonstrates the deleterious effect of sodium contamination on 
the efficiency of titanium dioxide films on glass; Dipping of the clear 1102 fitos in 

10 NaOH (IM, 20''C) reduced their efficiency under 365 nm light to nil (Table 5, batch 3), 
and subsequent washing with de-ionized water led to recovery of the efficiency (Table 
5, batch 4). However, when the NaOH treated slides were calcined, the loss of their 
efficiency could not be reversed (Table 5, batches 3,4). Double calcination of GE fihns 
(Table 5, batches 3-5) did not increase or decrease their efficiency. Films made of 

1 5 Degussa P-25 that were immersed in NaOH were 1 0 fold less efficient than untreated 

fihns, under 365 nm light (Table 5, batch 1 ). Immersion of P-25 samples iii NaOH had, 
however, a less severe effect on their photoactivity at 254 nm (Table 5, batch 2). 
Untreated P-25 films showed a moderate decrease in efficiency upon a second 
calcination (Table 5, batchl), possibly because their surface area was reduced. 

20 Etched glass type (GE) films did not show a significant loss in 

photoefficiency at 365 nm after immersion in a 0.2M NaN03 solution (Table 5, batches 
3-5). Dipping in >lMNaN03 reduced, however, the 365 nm efficiency by -50%. The 
efficiency of fihns made of P-25 was reduced by dipping in IM NaNOs by 25% at 365 
nm (Table 5, batch 1). No loss in efficiency was observed for 254 nm light (Table 5, 

25 batch 2). Films calcined following their immersion in NaN03 had only 10-40% of the 
efficiency of untreated films vmder 365 nm light (Table 5, batches 3-5). The efficiency 
of the P-25 films subjected to the same treatment was only 20% of the efficiency of 
untreated fihns under UVA light (Table 5, batch 1), and 40% under 254 nm light (Table 
5, batch 2). Washing with water after the calcination of NaNOs treated GE films 

30 increased the efficiency of the calcined samples, probably by removing some of the 
sodium ions on the surface (Table 5, batch 4). In a sandwiched structtue, where a 
NaN03 layer, decomposing iqmn calcination to Na20, was introduced on a calcined 
Ti02 film made of 3 precursor layers, then covered with 4 layers of Ti02 precursor and 
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calcined, the efficiency was only 60% of the effidou^ of clear films made of 7 
precursor layos without NaN03 (Table S, batch S). 

To probe the effect of a second calcination, two batches of slides was 
prepared. In one the first precursor layer was applied to the etched glass, oven dried (90 
S oC, 1 0 min.), coated with a second layer, then calcined. These slides were termed 
GE(2). The second batch was made by repeated coating and calcination of an etched 
glass slide. These slides were termed GE(1+1). The absorption spectra of the two 
batches were identical, showing that the sizes of the crystallites, their phases and the 
thickness of the films did not differ. The GE(1+1) fihns, despite being calcinated twice, 

10 did not show lesser photoactivity than the GE(2) films. When the glass was etched, then 
calcined (GC type samples) and then overcoated with the Ti02 precursor and re- 
calcined the efficiency was only 20-40% of that of the standard 1 layer GE film. 

The XPS results show that sodium migrates fiom the soda lime glass 
substrate into the titanium dioxide layer during the calcination step. When the sodium 

15 was extracted fiom the sur&ceofthe soda lime glass, and w^en the extracted glass was 
overcoated with the organo-titanate precursor and calcined, then the sodium content in 
the titania films was significantly lower. Such lowering affected the titanium containing 
phase that formed and thereby the photocatalytic behavior. It is known that at 
temi>eratures below SSO°C, the extraction of sodium fiom glass is governed by an ion 

20 exchange mechanism and is limited by the rate of the diffiision of sodium ions rather 
than by the rate of difiusion of protons. If the process of etching would not introduce a 
change in the glass structure and if charge neutrality would be maintained only through 
protonation of the originally sodium occupied sites, i.e. if a "hydrogen glass" would 
have formed, than calcination at 400*0 should have resulted in complete recovery fiom 

25 the extraction, the Na"*" being redistributed simply because of the higher Na"*" difiusion 
coefficient at the calcination temperature of 400''C relative to that at the extraction 
temperature of 240°C (2x10-^ cm^ sec-^ versus 2x10-1 1 sec'^ respectively, for a 
soda lime glass of similar composition). However, if the extraction of sodiiun and the 
formation of a "hydrogen glass" were followed by loss of water, then a layer of denser 

30 glass, containing fewer ion exchanging Si-OH functions and less permeable to Na"*" ions 
would be formed. Formation of such a layer was proposed for dealkalization of soda 
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lime glass in atmospheres containing water vapor and SO2. Such a sodium diffusion 
limiting layer is formed in glass by etching and calcination. Despite limiting the sodium 
difiiision, this layer does not completely prevent the migration of sodium, as is evident 
from the difference between the atomic percentage of sodium in etched glass prior to . 
(1.8%) and after (7.5%) calcination. The results show that the atomic percentage of 
sodium in the sur£Eu:e layer of soda lime glass that was etched and tfien calcined was 
much smaller than in glass calcined without being etched (7.5% vs. 35% at the sur&ce, 
and 3.4% vs. 12.8% after 90 minutes of aigon sputter etching). 

Depth profile measurements show a constant concentration of soditnn 
across the Ti02 fihn in both GE type and GN type fihns, with an increase in the sodium 
concentration at the air inter&ce. Apparently, the nanocrystalline Ti02 fihn has a 
greater afBnity for sodium than the silicate network of soda lime glass, particularly 
vrben the surface of the crystallites is hydiated and the protons are sodium 
exchangeable, H2Tin02n+l being a stronger acid than H2Sin02n+l • In silicate 
glasses, but not necessarily in Ti02 films on glass, sodium also accxnnulated at the 
surface upon hydration of the silicate network, sodium segregation at the surface being 
coig>led with depletion of sodium fi-om the layer below. The sodium depleted .layer 
observed in silicate glasses was not observed in the GE films, showing that Na^ 
accumulated throughout the film, not only at its air interface. 

It was particularly noteworthy that the concentration of sodium in the GN 
films was higher than in the soda lime glass itself. This higher concentration can be 
rationalized by Ti-OH being a stronger acid than Si-OH, because of the more 
electropositive nature of Ti"*^ relative to Si"*^ , combined with &st sodium diffusion 
across the film. 

Because the sodium ions were uniformly redistributed by the 400°C 
calcination step, the ions diffusing rapidly through the nanociystalline TiC>2 layer, 
similar sodium concentrations in the "type GE" and the "type GN" films would have 
been observed, were it not for the existence of a sodium transport limiting layer at the 
Ti02 - extracted glass interfoce. The massive diffetrace between the GE type and GN 
type films is expleiined by creation of a zone in the GE-type films through which sodium 
permeation was slow. TVhen the precursor temperature is raised nucleation, crystal 
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growth, and oxidation of organic residues take place. The sodium concentration in the 
titanium dioxide film yras not related to its final concentration at the glass-titania 
inter&ce, but to its concentration at this interface at the start of the calcination, when the 
unique sodium difiEiision limiting layer was formed. Sodium extraction followed by a 
S first calcination, then by coating with the Ti02 precursor and by a final calcination did 
not provide fihns as photoactive as those obtained v^en in the first calcination the Ti02 
precursor was already present. Therefore, dehydration and compacting of the glass 
accotinted only for part of the sodium transport characteristics of the layer. The unique 
sodiiun transport limiting characteristics are e}q>lained by reaction of the decomposing 

1 0 anatase Ti02 precursor tmd the dehydrating hydrogen glass, and/or by fast nucleation 
and growth at the interface between the glass and the Ti02 precursor layer. 

In the type GN films, in contrast with the type GE films, there was no 
long range order. Earlier work has shown that titanium dioxide fihns on non etched 
soda lime glass were of brookite phase when formed by rapid heating of a film of a 

15 hydrolyzed titanium alkoxide precursor(>25°C/min), and that a Na20-xTi02 phase was 
formed when the temperature was raised sufBciently slowly to allow diffusion of the 
sodium ions fix>m the glass into the Ti02 layer. The absorption edge of Na20-xTi02 
was foimd to be shifted by 10-12 nm to shorter wavelengths relative to the edge of 
anatase, ^ereas the absorption edge for the brookite structure was identical with that of 

20 anatase. the data did not reveal the existence ofwell defined phases in the GN films, 
possibly because a slowly polymerizing chelated precursor was used. Hence, sodium 
could diffuse into the nascent Ti02 film in amounts sufficient to prevent its 
crystallization. 

The photoefficiency invariably decreased when the Na+ concentration 
25 increased in the Ti02 films. Furthermore, the photoactive GE films lost eflSciency 

\vhen soaked in NaN03 and calcined at temperatvires where the NaN03 decomposed to 
sodium oxide. The lesser efficiency of fihns on soda lime glass relative to films on 
fused silica presented in Example 1 could have resulted either of the presence of non- 
anatase phases or the presence of sodium oxide at the air interface, where it would have 
30 raised the local pH. In films on non etched glass the sodium fraction exceeded 10 
atom% and, as a result, formation of an ordered anatase, brookite or sodium titanate 
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phase was inhibited. This reduced the efficiency practically to nil for 365 nm 
illumination. In contrast, on etched glass there were only crystalline anatase domains, 
even though their sodium atom percentage was as high as 8%. 

Because a sodium transport blocking layer forms of the hydrogen glass 
5 and the nascent, yet non-crystalline Ti02 layer, sodium diffusion takes place mainly 
during the beginning of the calcination process, and a second calcination has only a 
minor effect on the e£Bciency of the films (Table 5). That the critical step for 
prevention of sodium ion migration is the reaction of the hydrogen glass with the 
nascent Ti02 layer was also suggested by comparison of the efSciency of films 

1 0 prepared by two methods involving (a) applying a first layer, calcination, then ^iplying 
a second layer and calcining again and (b) applying two successive layers and calcining 
only once. There was little or no difference in the photoefiictencies of the two films. 
The &ct that the Ti02 film made on etched and calcined (GC type) glass had only 20- 
40% of the efficiency of a Ti02 fihn made by coating the precursor on etched but not 

1 S calcined glass suggests that the sodium transport limiting layer, formed by interdif^ion 
of Ti02 and hydrogen glass, was a superior sodium transport blocker to the film formed 
on the dehydrated hydrogen glass. 

Transport of sodiimi from the substrate into the photocatalyst film 
precursor and into the photocatalyst films is detrimental to their photocatalytic activity. 

20 The Ti02 films have a higher af&nity for sodium ions than the soda lime glass itself and 
extract the sodiiun ions fiom the glass during the calcination step. Soditmi transport to 
the Ti02 layer can be retarded by forming a blocking layer. Such a layer forms upon 
calcining the Ti02 precursor film on the hydrogen glass, formed upon extraction of the 
sodium with hot acids such as sulfuric acid. 

25 

Example 3 

Preparation of clear photoactive films of titanium dioxide 
with enhanced photoactivity on soda lime glass 

30 Clear films of titanium dioxide were made on soda lime glass either with 

or without acid pie-treatment (types GE and GN respectively) as described in Example 
2. Following their calcination, the samples were post-treated with dilute nitric acid. 
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usually by soaking them in 0.2 M HNO3 for IS minutes at 22 :t 3°C, then washed with 
water to remove acid residues. 

In Table 3 the effect of post-treatment on the atomic percentage of 
sodium is presented. The atomic percentage of sodium in all films (GE(1), GN(1), 
S GE(2), GN(2} as defined in Example 2) was reduced significantly by the post treatment. 
For example, fiom 8.4% to 3 .2% at the surfiice of a titanium dioxide film on etched 
glass and fiom 2 1 .5% to 2% at a the suifiu:e of a Ti02 fihn on non-etched glass, 
manifesting the replacement of sodium ions in the films by protons fixtm the acid. 

Table 6 presents the efSciency (as defined in Example 1) measured for a 

1 0 batch of slides containing GN and GE slides, with and without post -treatment, upon 

illumination with the UVA source. In Table 6, pretreatment means boiling the uncoated 
glass in 9M sulfuric acid for 30 minutes, "without water wash" means that the slide was 
dried with a lesidtie of nitric acid. "With water wash" means that any residual nitric 
acid was removed by washing witii de-ionized water. The average efiBciencies of slides 

1 5 with a post-treatment vosus the average efficiencies without such a treatment are 

presented in Table 7. In Table 7, "treated with HNO3 " means soaked in HNO3 0.2 M 
for IS minutes, followed by a water wash. 
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9.1 X 10' 


7.35x10-' 


659 


yes 




7.0 xlO"" 


7.35 x 10"' 


662 






1.05x10-' 


1.05x10' 


663 






0.35x10' 


0.33 X 10' 


666 




yes 


3.85 X 


2.1 xlO' 


1 




yes 


3.15 xior' 


1.75 X 10-' 
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Tahle 7 







254 nm 


substrate 


,nQii treated 


treated with 


jion treated 


treated with 
HNO3 


non- 
etcfaed 
glass 


0.945 X 10"^ 


2.31 X 10"^ 


12.95 X 10"^ 


17.85 X 10"^ 


.etched glass 


8.4 X 10"^ 


9.8 X 10"^ 


56x10-^ 


64.4 X 10'^ 



HNO3 post-treatment significantly increased the photoefiGciency of non- 
etched glass (GN type) Ti02 fitans although their photoefficimcy remained much 
smaller than that of the standard etched glass (GE) Ti02 fihns. In GE type fihns the 
improvement was slighter. Evidently, post-treatment was not an effective substitute for 
pre-etching of the glass. The gain efiBciency upon HNO3 post treatment was partially 
lost with time, as observed in repeated measurements. No increase in efficiency was 
observed upon HNO3 treatment of fihns prepared according to Example 1 on fiised 
silica (Table 8), manifestmg that the observed increase in efficiency in the Ti02 coated 
glass was not due to a lowered surface pH. The cause of the improvement was reaction 
or neutralization of sodium oxide or its products that migrated to the titanium dioxide 
layer's surface during the calcination process. 



Table 8 



Slide No. 


Slide Type 


Po$t-Treabaeiit ' 


FhotDefficiency (%) 


a 


TiCyquattz 




14.7 xio' 


b 


TiCV<luaitz 


untreated 


11.9 xlO' 




TiCVquaitz 


soaking in HNO, 0.2 M 
(22X. 15 min.) 


12.6 xlO' 


• 


TiCVquanz 


soaking in HNO, 0.2 M 
(22'C 15 min.) 


10.85 X lO-" 



For treating titanium dioxide films on soda lime glass, the acid chosen 
was nitric acid. - The anion of this acid, in contrast to with the anions of sulfuric and 
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hydrochloric acid does not complex the four valent titanium ion. The rate of 
dissolution of the photoactive film in nitric acid was consequently much slower than its 
rate of dissolution in sulfuric or hydrochloric acid at the same normalities. Within this 
context, it is noteworthy that GE films were more resistant to soaking in concoitrated 
S acids than the GN films. 

Soaking of the Ti02 films in dilute acids (like HNO3) reduced the 
concentration of sodiimi near the surface and improved the efBciency by exchanging 
sodium ions with protons without degrading the mechanical properties of the Ti02 
fihns. The photoefificiency increased particularly in type GN films. Although such 
1 0 soaking was not an adequate substitute for etching the glass prior to the application of 
the titania precursor, it was an appropriate finishing step for the process of forming a 
photocatalytic film on soda lime glass. 

Example 4 

1 5 Preparation of clear photoactive films of titanium dioxide 

on soda lime glass from coating solutions having controlled viscosities 

' The coating solution prepared in the manner described in Example 1 , 
(denoted as "Ti" solution in this example) was mixed vnQi various non-interacting 
organic solvents such as hexane, methylene chloride, chloroform, thus obtaining coating 
solutions, their viscosities depending upon the volumetric ratio between the coating 
solution and the non-interacting solvent. For comparison, films made firom the "Ti" 
solution, as well as fit>m a mixture of the "Ti" solution with methanol vMch may 
interact, like other alcohols, with the titanium dioxide precursor, were prepared. The 
mixed solutions were spread on acid - etched glass substrates (40 ml per 3.75x2.5 cm) 
which were spim, after the application, in N2 environment, for 2 minutes at 1000, 2500 
or 4000 rpm to dryness. The slides were then calcined at 400°C for 35 minutes, in air. 
Clear, homogenous, well adhered films, were obtained. 

The photoefRciency of the various types of slides was meeisured 
simultaneously. The results are presented in Table 9. For spin coating at 1000 rpm, 
there was practically no adverse effect on the efficiency following coating by solutions 
containing a "Ti" / non-interacting solvents mixtures, despite the lower amount of Ti02 
in these films, due to the reduced viscosity of the coating solution. For spin coating at 



25 
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2500 ipm, films made of Ti / non-interacting solvents solutions had 30% - 45% of the 
efficiency of films made of the "Ti" solutions, when illuminated with 365 nm light, and 
app. 70% - 100% v/ben illuminated with 254 nm light In contrast, the e£Qciency, 
measured with 36S nm light, of Ti02 fihns made of the Ti / methanol solution was only 
6% of that of the regular GE film when coated at 2S00 ipm and 62% v/ben coated at 
1000 rpm. 

Table 9 



>I6. 




Viscosity 
(cp) 


Rate 
(rpm) 


Absoibance 
at 300 nm 


Hfficien^ 
at254,nai 


£fiiciency 
at 365 nm 


1551 


Ti/CH2Cl2(l:l) 


0.82 


1000 


0.94 


66.9x10-3 


10.9x10-3 


1552 


Tl/hexane(l:l) 


0.88 


1000 


0.88 


81.9x10-3 


10.2x10-3 




Ti/Chlorofonn 
(1:1) 








70.7x10-3 


8.4x10-3 


1554 


Ti/methanol 
(1:1) 


1.16 


1000 


0.58 


64.1x10-3 


6.1x10-3 


1555 


Ti 


2.34 


1000 


1.09 


80.2x10-3 


9.8x10-3 


1566 


Ti/n-propanol 
(1:1) 


1.96 


1000 


0.57 


60.9x10-3 


7.4x10-3 


1559 


Ti/methanol 
(1:1) 


1.16 


2500 


0.50 


43.1x10-3 


0.7x10-3 


1560 


Ti/CH2Cl2 (1:1) 


0.82 


2500 


0.63 


66.i2xl0-3 


4.2x10-3 


1561 


Ti/hexane (1:1) 


0.88 


2500 


0.62 


64.4x10-3 


5.3x10-3 


1562 


Ti/Chlorofonn 
(1:1) 


1.16 


2500 


0.58 


62.7x10-3 


3.5x10-3 


1563 


Ti/n-propanol 
(1:1) 


1.96 


2500 


0.49 


43.8x10-3 


5.1x10-3 


1564 


Ti 


2.34 


2500 


0.71 


65.1x10-3 


11.9x10-3 



Table 9: Efficiency values of slides prepared by spin coating of mixtures of the Ti02 precursor coating 
solution with various non-interacting solvents. In the table, 'Ti" represents the regular coating solution, 
its preparation being described in example 1 . 
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It can be concluded that photoactive clear and homogenous films can be 
formed on glass by means of diluting the coating solution with solvents that do not 
interact with the titanium dioxide precursor and that this method is especially viable for 
S cases in which relatively low rates of spinning are required. 

Examples 

Preparation of clear photoactive films of titanium dioxide 
on soda lime glass by dip-coating 

10 

Coating solutions of controlled viscosities, prepared in the manner 
described in example 4, were used to produce clear, photoactive and homogeneous films 
of Ti02 on glass. For that, coming 2947 soda Ume glass slides, 7.5x2.5x0.1 cm in size, 
were etched as described in example 2, connected to a speed controlled elevator and dip 

15 coated with an up-stroke speeds ranging between 0.5 cm min^^ and 4.3 cm min'^. The 
Ti02 precursor coated films were than calcined at 400 - 450 °C for 35 minutes. A clear, 
homogeneous, well adhered film of Ti02, was obtained. Best results, in terms of clarity 
and homogeneity, were obtained by performing the process under N2 atmosphere, 
enriched with the solvents' vapor. The photoefificiencies of several dip-coated films, as 

20 measured by the stearic acid test described in example 1 , are presented in table 1 0. 

A comparison between the photoefBciency of the dip - coated films 
(table 10) and films of similar thickness made by spin coating (Table 2) reveals that the 
efiBciency of the dip-coated films was not inferior to that of the spin-coated films. Ham 
enabling large scale implementation. 
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Table 10 



tio. 


' QoQtuis -Solution. 


' Solution 
Viscosity 

(CP) 


Up-stroke 


Calcination 


Absorbance at 
30Qmn 


EfTiciency 
at 365 nm 


1636 


Ti/hexane(l:l) 


0.88 


4.3 


400°C, 
35 min. 


0.65 


12.3x10-3 


1667 


Ti/hexane(l:l) 


0.88 


2.68 


450''C. 
35 min. 


0.57 


11.0x10-3 


1664 


Ti%exanc(l:l) 


0.9 


3.22 


450''C, 


0.55 


9.1x10-3 


1666 


TiAexane (2:3) 


1.02 


1.34 


450°C, 
35 min. 


0.61 


8.8x10-3 


16S0 


Ti/hexane (2:3) 


1.02 


0.54 


450'>C, 
35 min. 


1.13 


13.7x10-3 


1623 


Ti/hexane (3:7) 


0.66 


4.3 


400°C, 
35 min. 


0.28 


5.6x10-3 


1655 


Ti*/hexane(3:7) 


0.6S 


0.54 
(2 layers) 


450''C, 
35 min. 


1.00 


14x10-3 



Table 10: Efficiency values of slides prepared by dip-coating in mixtures hexane and 
5 the Ti02 precursor coating solution. In the table, "Ti" represents the regidar coating 
solution, the water to titanitun ratio being 11:1, while Ti# represents a coating solution 
where the water to titanium ratio was app. 4: 1 

Example 6 

10 

Preparation of clear photoactive films of titanium dioxide 
witii sodium diffusion limiting layer 

Silica films were produced on soda lime glass by the same manner 
1 S described in Examples 1 and 2, using silicon tetrapropoxide instead of titaniimi tetra-i- 
jxropoxide. Here, the silicate precursor solution consisted of 10 ml n-propanol, 1 .6 ml 
acetylacetonate (acac) and 4.9 ml of a Si(OPr)4 solution (Aldrich Cat No, 23,574, 95% 
by weight). The coating solution was made from 1 .0 ml of the silicate precursor 
solution and 1 .8 ml of 1 : 1 0 (v:v) water in n-propanol. 3.75 cm x 2.5 cm x 1 mm soda 
20 lime glass slides were then etched in boiling sulfuric acid for 30 minutes as described in 
Example 2, and coated by spin coating as described therein. Following drying at 80*'C 
for 20 minutes, a second layer, made of the same coating solution described in Example 
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1 (denoted as "overlayer"), was applied by spin coating as described therein. The slides 
were then calcined at 450°C for 30 minutes to produce clear films comprised of a silica 
layer (denoted as "underlayer") between the glass substrate and the photoefScient 
titanium dioxide overlayer. Glass slides coated with a film containing a first layer of 
S ziiconia and a second, photoactive layer of titania were obtained in &e same manner. 
Here, the zirconia coatuig solution was made of zirconium tetra n-propoxide (Aldrich 
33,397 -2, 70% in 1-propanol) with the same molar ratios between zirconium, acac, 
water and propanol as described for the titania precursor coating solution in Example 1 . 
No post-treatment with nitric acid was used. 

1 0 The efBciency of the slides was measured in the manner described in 

Example 1 . For comparison, films containing one and two layers of Ti02 on glass, were 
made horn the same batch of etched g\ass slides and with the same Ti02 precursor 
coating solution. The efficiency of fiiese slides was measured simultaneously with that 
of the glass-silica-titania fihns. As shown in Table 1 1, the efficiency of the two layered 

1 5 structure, containing a silica underlayer and Ti02 overlayer, was higher than that of a 

single layer of titanium dioxide by a factor of between 1.4 and 2.0, but less fiian that of a 
film containing two layers of Ti02. 



Table 11 



Slide No. 


Stiuctur0,v^;--;c\ ^ . 


"IlbGtoeffi^eilcy? : 


701 


1 layer of Ti02 on soda lime glass 


3.5 X 10' 


706 


I layer of TiOz on soda lime glass 


5.6x10"' 


709 


1 layer of TiOa on a silica 
underlayer applied on soda lime 
glass 


8.75 X 10"' 


710 


1 layer of TiOa on a silica 
underlayer applied on soda lime 
glass 


10.85 X 10"' 


699 


2 layers of Ti02 on soda lime glass 


14.35 X 10"' 


712 


2 layers of Ti02 on soda lime glass 


12.95 X 10 ' 


713 


2 layers of Ti02 on soda lime glass 


12.6 X 10"' 



.20 A two-layered structure, consisting of a zirconia underlayer and one Ti02 

overlayer coated on glass, had higher efficiency than that of a glass coated with a single 
film of Ti02, when made at calcination temperatures higher than SOO'C, where the 
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diffusion of sodium into the forming TiOa film is fast enough to reduce its efficiency 
even in acid etched glass substrates (Figure 4). This makes such a sodium diffusion 
blocking structure ^ropriate for applications where the glass has to withstand high 
temperatures, for example in products made by tempering of the glass. 

5 

Example 7 

Preparation of clear photoactive films of titanium dioxide on a 
layer made of a mixture of a TiOj precursor and a SiO] precursor 

10 

A layer composed of a mixture of TiOj and SiOj (1:1) molar ratio was 
produced on soda lime gkss and on fused silica by preparing the appropriate coating 
solution and applying it onto the substrate by spin coating as described in examples 1 
and 2. A precursor solution was made of 10 ml n-propanol, 2.25 ml titaniiun-tetra-i- 

15 propoxide (98% in propanol, density: 1.033 gr. cm'^), 1.6 ml acetylacetonate (acac) and 
2.43 ml of silicon tetrapropoxide (Aldrich 23,574-1, 95% in propanol, density:0.916 gr. 
cm'''). After aging the precursor solution for a day, the coating solution was made by 
mixing 1 .0 ml of the mixed precursor solution with 1 .8 ml of a water/ n-propanol 
solution (1:10 v/v). The coating solution was then spread by spin coating at 4000 rpm 

20 on H2SO4 etched glass slides (40 ^1 per 3.75 x 2.5 cm slide) and on non-etched fused 
silica slides (30 fil per 2.5 x 2.5 cm slide). The slides were then dried in an oven at 
1 OO'C for 10 minutes. On part of the slides, a second layer, consisting of the TiOj 
precursor coating solution, mentioned in Example 1 , was applied in the same manner 
described in Examples 1,2. For reference, several other etched glass and fused silica 

25 slides were coated with two layers of the same Ti02 precursor coating solution without 
being coated with the mixed imderlayer. All slides were then calcined at 450°C for 30 
minutes to produce clear, well adhered films. No post-treatment with nitric acid was 
used. 

The efficiency of the slides was measured in the manner described in 
30 Example 1 . The films made of the Ti02/Si02 mixture were totally inactive. However, 
films consisting of a Ti02 overlayer on an inactive underlayer consisting of TiO2/Si02 
were found to e between 50% and 100% more efficient than fiilms made of one layer of 
TiOj, regardless of the substrate (Table 12). 
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Slide No 


Substrate 


Structure - 


Efgciency 


A 


Fused Silica 


Mixed SiOz/TiOj (1:1) layer 


0.3 X 10"" 


B 


Fused Silica 


Mixed Si02/Ti02 (1:1) layer 


1.7 X 10'" 


C 


Fused Silica 


One layer of Ti02 on a mixed 
SiOa/TiOj (1:1) layer 


13.7 X 10"" 


D 


Fused Silica 


One layer of TiOj on a mixed 
SiO/TiOj (1:1) layer 


16.1 X 10"' 


E 


Fused Silica 


One layer of TiOj 


4.9x10"' 


F 


Fused Silica 


One layer of Ti02 


9.0 X 10"' 


G 


Fused Silica 


Two layers of TiOj 


13.1 X 10"' 


H 


Fused Silica 


Two layers of Ti02 


17.2 X 10"' 


684 


Etched Glass 


Mixed Si02/Ti02 (1:1) layer 


0.0 X 10"' 


685 


Etched Glass 


Mixed SiO2/Ti02 (1:1) layer 


0.0 X 10*' 


1711 


Etched Glass 


One layer of Ti02 on a mixed 
Si02/Ti02 (1:1) layer 


16.6 X 10"' 


1712 


Etched Glass 


One layer of Ti02 on a mixed 
Si02/Ti02 (1:1) layer 


16.7x10"' 


1701 


Etched Glass 


One layer of Ti02 


8.6x10"' 


1702 


Etched Glass 


One layer of Ti02 


8.6x10"' 


1707 


Etched Glass 


Two layers of TiOa 


18.7x10"' 


1708 


Etched Glass 


Two layers of TiOj 


17.4 X 10"' 



Table 12: The photoefficiencies of fihns composed of one TiOa layer on a silica/ 
titania underlayer in comparison to films made of one TiOa layer, two 
Ti02 layers, and a mixture of TiOa/SiOj. 
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1 . A process for the maniifacture of self-cleaning glass, conrnsing: 

applying to glass a photocatalyst preciitsor composition to form a 
5 photocatalyst-containing film; and 

impeding migration of alkali metal ions or alkali metal oxide fiom the 
glass into the photocatalyst precursor or film. 

2. A process for the manu&cture of self-cleaning glass, comprising: 

1 0 applying to glass a barrier, said barrier preventing or slowing migration 

of alkali metal ions or alkali metal oxide fiom the glass; and 

fonning on said barrier a photocatalyst-containing film. 

3. A process for the manufacture of self-cleaning glass, comprising: 

IS . applying to an etched, acid glass a photocatalyst precursor composition, 

to form a photocatalyst-containing film. 

4. A process for the manufacture of self-cleaning glass, comprising: 

{qjplyii^ to glass a film formed of a precursor of Ti02 and a precursor of 
20 an oxide of a 3, 4, or S-valent element, which oxide is solid at about 300°C; and 
forming on said film a photocatalyst-containing film. 

5. A process for the manufacture of self-cleaning glass, comprising: 

applying to an acid glass a first film, the first film formed fix>m a 
25 precursor of an oxide of a 3, 4, or S-valent element, wherein the element is titanium, 
zirconium, tungsten, tin, silicon, or combination thereof; and 

forming on said first film a photocatalyst-containing second film. 

6. A process for the manufacture of self-cleaning glass, comprising: 

30 ^plying to acid glass a film comprising a reaction product of the 

acid glass and a precursor of a 3, 4, or S-valent form of titanium, zirconiimi, tungsten, 
tin, silicon, or combination thereof; and 
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foiming on said barrier a photocatalyst-containing film. 

7. A process for the manufacture of self-cleaning glass, comprising: 
treating glass to form acid glass; 
5 applying a photocatalyst-precursor to the acid glass to fonn a coated 

glass; 

calcining the coated glass to foim a photocataljrtically active, self- 
cleaning glass. 

10 8. A process according to any of claims 1 -7, wherein said photocatalyst comprises 
a photoconductor or semiconductor with a band gap in the range of 2.5 eV to 4.5 eV. 

9. The process according to any of claims 1 -7, wherein said photocatalyst 
comprises titanium, zirconium, tungsten, tin, or molybdenum. 

15 

10. A process according to any of claims 1 -7, wherein said photocsitalyst comprises 
titanium dioxide. 

11. A process according to claim 1 0, wherein at least a portion of said titanixmi 
20 dioxide is in anatase phase. 

1 2. The process of any of claims 1 -6, further comprising the step of: 

calcining the photocatalyst film-coated glass to form a photocatalytically 
active, self-cleaning glass. 

25 

13. A process according to any of claims 1-7, wherein said glass comprises soda 
lime glass. 



14. A process according to claim 6, wherein said precursor comprises a precursor of 
titanium dioxide. 
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15. A process according to claim 6, wherein said precursor comprises a precursor of 
zirconium dioxide. 

1 6. A process according to claim 6, wherein said precursor comprises a precursor of 
5 silicon dioxide. 

1 7. A self-cleaning glass comprising: 

a glass; 

a photocatalyst-containing film formed on the glass firom a photocatalyst 

10 precursor; and 

a barrier impeding migration of alkali metal ions or alkali metal oxides 
into the photocatalyst precursor or film. 

18. A self-cleaning glass comprising: 
15 a glass; 

a photocatalyst-containing film formed on the glass by acid etching the 
glass and applying to the acid glass a photocatalyst precursor. 

1 9. A self-cleaning glass comprising: 
20 a glass; 

a first fikn formed on the glass of a precursor of Ti02 and a precursor of 
an oxide of 3, 4, or 5-vaIent element, which oxide is solid at about 300°C; and 
a photocatalyst-containing second film formed on the first film. 

25 20. A self-cleaning glass comprising: 
a glass; 

a first film formed on the glass of a precursor of an oxide of a 3, 4, or 5- 
valent element, wherein the element comprises titanium, arconium, tungsten, tin. 
silicon, or combination thereof; and 
30 a photocatalyst-containing second film formed on the first film. 
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21 . A self-cleaning glass according to any of claims 17-20, wherein said 
photocatalyst comprises a photoconductor or semiconductor with a band gap in the 
range of 2.5 eV to 4.5 eV. 

5 22. A self-cleaning glass according to any of claims 1 7-20, wherein said 
photocatalyst comprises titanium, zirconium, tungsten, tin, or molybdenum. 

23. A self-cleaning glass according to any of claims 1 7-20, wherein said 
photocatalyst comprises titanium dioxide. 

10 

24. A self-cleaning glass according to claim 23, wherein at least a portion of said 
titanium dioxide is in anatase phase. 

25. A self-cleaning glass according to any of claims 17-20, wherein said 

1 5 photocatalyst precursor is calcined on the glass to form a photocataljOically active, self- 
cleaning glass. 

26. A self-cleaning glass according to any of claims 17-20, wherein said glassi 
comprises soda lime glass. 

20 

27. A self-cleaning glass according to any of claims 19-20, v^erein said precursor 
of the 3, 4, or 5-valent element oxide comprises a precursor of zirconixmi dioxide. 

28. A self-cleaning glass according to any of claims 1 9-20, wherein said precursor 
25 of the 3, 4, or S-valent elenient oxide comprises a precursor of silicon dioxide. 

29. A self-cleaning glass according to any of claims 17-20, wherein said 
photocatalyst precursor comprises titaniiun tetraalkoxide. 

30 30. A self-cleaning glass according to any of claims 17-20, wherein said 
photocatalyst precursor comprises a complex of titanium tetraalkoxide with 
acetylacetone. 
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31. A self-cleaning glass according to claim 1 7, wherein said barrier conuises a 
reaction product of the glass and the photocatalyst precursor, the glass being etched to 
form an acid glass prior to the reaction with the preciirsor. 
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de ses faces d'un revftement (3) a propri6t£ 
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mode d'obtention. 



VSIQUEMENT A TITRE D' INFORMATION 




wo 97/10186 



- 1 - 



PCT/FR96/0142I 



SUBSTRAT A REVETEMENT PHOTOCATALYTIQUE 

5 

L'invention concerne des substrats b base verriere, ceramique ou vitro- 
c6ramique, plus particulidrement en verre, notamment transparents, que Ton 

10 munit de revetements h proprietes photo-catalytiques, en vue de fabriquer des 
vitrages d'applications diverses, comme les vitrages utilitaires, vitrages pour 
v^hicules ou pour bitiments. 

De plus en plus, on cherche fonctionnaiiser les vitrages en d6posant h 
leur surface des couches minces destin6es a ieur conf^rer une preprints 

1 5 particuliere selon I'appllcation visee. Ainsi, il existe des couches b fonction 
optique, comme les couches dites anti-reflet composees d'un empilement de 
couches aiternativement ^ haut et bas indices de refraction. Pour une fonction 
anti-statique, ou chauffante du type anti-givre, on peut aussi pr^voir des 
couches minces conductrices 6lectriquement, par exemple d base de m^tal ou 

20 d'oxyde m^taliique dop6. Pour une fonction thermique, de bas-emissivit6 ou 
anti-solaire par exemple, on peut se tourner vers des couches minces en m^tal 
du type argent ou k base de nitrure ou d'oxyde m^taliique. Pour obtenir un 
effet « anti-pluie », peuvent dtre pr^vues des couches a caractdre hydrophobe, 
par exemple d base d'organo-silane fluor^ ... 

25 Cependant, ii existe encore un besoin pour un substrat, notamment un 

vitrage que Ton pourrait qualifier <c d'anti-salissures », c'est-a-dire visant la 
permanence dans le temps des propri6tes d'aspect et de surface, et 
permettant notamment d'espacer les nettoyages et/ou d'am6liorer la visibility, 
en parvenant a 6liminer au fur et a mesure les salissures se deposant 

30 progressivement d la surface du substrat, notamment les salissures d'origine 
organique comme les traces de doigts ou des produits organiques volatils 
presents dans T atmosphere, ou meme des salissures du type bu^e. 
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Or on sait qu'il existe certains materiaux semi-conducteurs, d base 
d'oxyde m6tallique, qui sont aptes. sous I'effet d'un rayonnement de longueur 
d'onde adequate, a initier des reactions radicalaires provoquant I'Dxydation de 
produits organiques : on parle en general de materiaux « photo-catalytiques » 
ou encore « photo-reactifs ». 

L'invention a alors pour but la mise au point de revetements photo- 
catalytiques sur substrat, qui pr6sentent un effet « anti-salissures » marqug 
vis-a-vis du substrat et que I'on puisse fabriquer de maniere industrielle. 

L'invention a pour objet un substrat h base verrifere. ceramique ou vitro- 
c6rannique, notamment en verre et transparent, muni sur au moins une partie 
d'au molns une de ses faces d'un revetement d propri6te photo-catalytique 
comportant de I'oxyde de titane au moins partiellement cristallis^. L'oxyde de 
titane est cristallis^ de preference « in situ », lors de la formation du 
revetement sur ie substrat. 

L'oxyde de titane fait en effet partie des semi-conducteurs qui, sous 
I'action de la lumiere dans Ie domaine visible ou des ultraviolets, degradent des 
produits organiques qui se d§posent S leur surface. Choisir I'oxyde de titane 
pour fabriquer un vitrage S effet « anti-salissures » est done particulierement 
indique, et ce d'autant plus que cet oxyde presente une bonne resistance 
mecanique et chimique : pour etre efficace longtemps, il est evidemment 
important que Ie revetement conserve son integrite, alors meme qu'il se trouve 
directement expose a de nombreuses agressions, notamment lors du montage 
du vitrage sur chantier (b§timent) ou sur ligne de production (v6hicule), ce qui 
implique des manipulations repetees par des moyens de prehension 
mecaniques ou pneumatiques, et egalement une fois Ie vitrage en place, avec 
des risques d'abrasion (essuie-glace. chiffon abrasif) et de contact avec des 
produits chimiques agressifs (polluants atmosph6riques du type SO2, produit 
d'entretien, ...). 

Le choix s'est port6, en outre, sur un oxyde de titane qui soit au moins 
partiellement cristallise parce qu'il a ete montre qu'il 6tait beaucoup plus 
performant en termes de propriete photo-catalytique que l'oxyde de titane 
amorphe. De preference, il est cristallise sous forme anatase. sous forme rutile 
ou sous forme d'un melange d'anatase et de rutile, avec un taux de 
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cristallisation d'au moins 25%, notamment d'environ 30 d 80%, notamment 
pres de la surface, (la propri^t^ etant plutdt une propriete de surface). (On 
comprend par taux de cristallisation la quantite en poids de Ti02 cristallisd par 
rapport d la quantity en poids totale de TiOj dans le revetement). 

On a ^galement pu observer, notamment dans le cas d'une cristallisation 
sous forme anatase, que I'orientation des cristaux de Ti02 croissant sur le 
substrat avait une influence sur les performances photo-catalytiques de 
I'oxyde : il existe une orientation privil6gi6e (1,1,0) qui favorise nettement la 
photocatalyse. 

Avantageusement, la fabrication du revetement est operee de maniere a 
ce que Toxyde de titane cristallis6 qu'il contient se trouve sous forme de 
« cristallites », au moins pres de la surface, c'est-a-dire de monocristaux, 
ayant une taille moyenne comprise entre 0,5 et 100 nm, de pr6f France 1 S 50 
nm, notamment 10 ^ 40 nm, plus parttculierement entre 20 et 30 nm. C'est 
en effet dans cette gamme de dimension que I'oxyde de titane paralt avoir un 
effet photo-catalytique optimal, vraisembiablement parce que les cristallites de 
cette taille developpent une surface active importante. 

Comme on le verra plus en detail ult^rieurement, on peut obtenir le 
revetement h base d'oxyde de titane de multiples facons : 

□ par decomposition de pr6curseurs de titane (techniques de pyrolyse : 
pyrolyse liquide, pyrolyse de poudre, pyrolyse en phase valeur dite CVD 
(Chemical Vapor Deposition), techniques associees au sol-gel : trempe ou 
dipping, cell-coating, ...), 

□ par une technique sous vide (pulverisation cathodique reactive ou non). 
Le revgtement peut comporter dgalement, outre I'oxyde de titane 

cristallise. au moins un autre type de matdriau mineral, notamment sous forme 
d'un oxyde amorphe ou partiellement cristallise, par exemple un oxyde de 
silicium (ou melange d'oxydes), de titane, d'6tain, de zirconium ou 
d'aiuminium. Ce mat6riau mineral peut aussi participer a I'effet 
photocatalytique de I'oxyde de titane cristallise, en pr6sentant lui-meme un 
certain effet photocatalytique, meme faible par rapport a celui du TlOj 
cristallise, ce qui est le cas de I'oxyde d'6tain ou de I'oxyde de titane amorphe. 
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Une couche d'oxyde « mixte » combinant ainsi de I'oxyde de titane au 
moins partiellement cristallise a au moins un autre oxyde peut etre 
interessante sur le plan optique, tout particulierement si I'autre ou les autres 
oxydes sont choisis d'indice inferieur d celui du TiO^ : en abaissant I'indice de 
refraction « global » du rev§tement. on peut jouer sur la rdflexion lumineuse du 
substrat muni du revetement, notamment abaisser cette r6flexion. C'est le cas 
si, par exemple, on choisit une couche en TiOs/AlsOg, dont un mode 
d'obtention est d6crit dans le brevet EP-0 465 309. ou en TiOz/SiOj. II est 
n6cessaire, bien sur. que le revetement contienne cependant une teneur en 
TiOz suffisante pour conserver une activite photocatalytique notable. On 
consid6re. ainsi. qu'il est pr6f6rable que le revetement contienne au moins 
40% en poids, notamment au moins 50% en poids de TiOj par rapport au 
poids total d'oxyde(s) dans le revStement. 

On peut aussi choisir de superposer au revetement selon I' invention une 
couche ol6ophobe et/ou hydrophobe greffee stable ou resistant d la 
photocatalyse, par exemple a base de I'organo-silane fluore d6crit dans les 
brevets US-5 368 892 et US-5 389 427, ainsi que du 
perfluoroalkylsilane decrit dans la demande de brevet FR-94/08734 du 1 3 

juillet 1994 publi^e sous le sumero FR-2 722 493 et correspondent au brevet 

europ6en EP-0 692 463, notamment de formula : 

CF3-ICF2)n-(CH2).„-SiX3 

dans laquelle n est de 0 a 1 2, m est de 2 & 5 et X est un groupe hydrolysable. 
Pour amplifier I'effet photocatalytique de I'oxyde de titane du revetement 

selon I'Invention, on peut tout d'abord augmenter la bande d'absorption du 

revStement. en incorporant au revStement d'autres particules notamment 

metalliques et d base de cadmium, d'6tain, de tungstSne, de zinc, de cerium, 

ou de zirconium. 

On peut aussi augmenter le nombre de porteurs de charge par dopage du 
r6seau cristallin de I'oxyde de titane, en y insurant au moins un des 6l6ments 
m6talliques suivants : niobium, tantale, fer. bismuth, cobalt, nickel, cuivre, 
ruthenium, cerium, molybd^ne. 

Ce dopage peut aussi se faire par un dopage de surface seulement de 
I'oxyde de titane ou de I'ensemble du revetement, dopage de surface realise 
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en recouvrant au moins une partie du rev§tement d'une couche d'oxydes ou 
de sels metalliques, le m^tal ^tant choisi parmi le fer, le cuivre, le ruthenium, 
le cerium, le molybd6ne, le vanadium et le bismuth. 

Enfin, on peut amplifier le phenomdne photocatalytique en augmentant le 
rendement et/ou la cin§tique des reactions photocatalytiques, en recouvrant 
i'oxyde de titane, ou au moins une partie du revetement qui I'incorpore, par un 
m^tal noble sous forme de couche mince du type platine, rhodium, argent, 
palladium. 

Un tel catalyseur, par exemple depos6 par une technique sous vide, 
permet en fait d'augmenter le nombre et/ou la duree de vie des entitds 
radicalaires cr66es par I'oxyde de titane, et ainsi de favoriser les reactions en 
chame conduisant d la degradation de produits organiques. 

De manifere tout-ei-fait surprenante, le revetement presente en fait non 
pas une propri^t^ mais deux, d^s qu'il est expose a un rayonnement adequat 
comma dans le domaine du visible et/ou les ultraviolets, tel qu'un rayonnement 
solaire : par la presence d'oxyde de titane photocatalytique, comme d6ja vu, il 
favorise la disparition progressive, au fur et d mesure de leur accumulation, de 
salissures d'origine organique, en provoquant leur degradation par un 
processus d'oxydatlon radicalaire. Les salissures minSrales ne sont, elles, pas 
degradees par ce processus : elles restent done sur la surface, et, a part 
certaines cristallisations, elles sont en partie facilement 6vacu6es puisqu'elles 
n'ont plus de raison d'adh6rer a la surface, les agents organiques collants 
etant degrades par photocatalyse. 

Mais le revdtement de I'invention, s'auto-nettoyant en permanence, 
presente ^galement de pr^f^rence une surface exterieure d caract^re 
hydrophile et/ou ol^ophile prononc6, ce qui induit trois effets tr6s avantageux : 

O un caract^re hydrophile permet un mouillage parfait de I'eau qui peut 
se deposer sur le revetement. Quand un ph6nomene de condensation de I'eau 
se produit, au lieu d'un d^pdt de gouttelettes d'eau sous forme de buee 
genant la visibility, on a en fait un mince film continu d'eau qui se forme a la 
surface du revetement et qui est tout-^i-fait transparent. Get effet « anti-bu6e » 
est notamment d6montre par la mesure d'un angle de contact a I'eau inferieur 
el 5**apr6s exposition h la lumidre, et. 
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O apres ruissellement d'eau, de pluie notamment. sur une surface non 
traitee par une couche photocatalytique, de nombreuses gouttes d'eau de pluie 
restent accroch^es sur la surface et laissent. une fois evapor6es. des traces 
inesthetiques et genantes. d'origine principalement min^rale. En effet. une 
surface exposee S I'air ambiant se recouvre rapidement d'une couche de 
salissure qui limite son mouillage par I'eau. Ces salissures viennent s'ajouter 
aux autres salissures, notamment min^rales {cristallisations. ...) apport6es par 
I'atmosphere dans laquelle baigne le vitrage. Dans le cas d'une surface 
photoreactive, ces salissures min6rales ne sont pas directement degrad6es par 
photocatalyse. En fait, elles sont en tr6s grande partie elimln6es grace au 
caractere hydrophile induit par I'activit6 photocatalytique. Ce caractere 
hydrophile provoque en effet un ^talement parfait des gouttes de pluie. Les 
traces d'evaporation ne sont done plus pr^sentes. De plus, les autres 
salissures min^rales pr^sentes sur la surface sont lavees, ou redissoutes dans 
le cas de cristallisation, par le film d'eau et done en grande partie evacuees. 
On obtient un effet « anti-salissure min6rale » notamment induit par la pluie, 

□ conjointement h un caractere hydrophile, le revetement peut aussi 
pr6senter un caract6re oleophile, permettant le « mouillage » des salissures 
organiques qui, comme pour I'eau, tendent alors h se d^poser sur le 
revetement sous forme d'un film continu moins visible que des « taches » bien 
localis6es. On obtient ainsi un effet « anti-salissures organiques « qui s'opere 
en deux temps : des qu'elle se depose sur le revetement. la salissure est d^jd 
peu visible. Ensuite, progressivement. elle disparart par degradation radicalaire 
amorcee par photo-catalyse. 

Le revetement peut Stre choisi de surface plus ou moins lisse. Une 
certaine rugosltS peut en effet Stre avantageuse : 

O elle permet de developper une surface photocatalytique active plus 
grande et done elle induit une plus grande activity photocatalytique, 

□ elle a une influence directe sur le mouillage. La rugosite exalte en effet 
ies propri6t6s de mouillage. Une surface lisse hydrophile sera encore plus 
hydrophile une fois rendue rugueuse. On comprend par « rugosite », ici, aussi 
bien la rugosite de surface, que la rugosite induite par une porosite de la 
couche dans au moins une partie de son epaisseur. 
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Les effets precedents seront d'autant plus marques que le. revgtement est 
poreux et rugueux, d'ou un effet superhydrophile des surfaces photoreactives 
rugueuses. Cependant, trop prononcee, la rugosity peut etre p^nalisante en 
favorisant I'incrustation, Taccumulation des salissures et/ou en faisant 
apparaTtre un niveau de flou inacceptable optiquement. 

II s'est ainsi avirS int^ressant d'adapter le mode de depot des 
revetements § base de Ti02 de mani^re d ce qu'ils pr6sentent une rugosity 
d'environ 2 S 20 nm, de pr6f6rence de 5 ^ 15 nm, cette rugosite 6tant evaluee 
par microscopie h force atomique, par mesure de la valeur de I'ecart 
quadratique moyen <dit « Root Mean Square ou RMS en anglais) sur une 
surface de 1 micrometre carre. Avec de telles rugosites, les revetements 
pr6sentent un caractere hydrophile se traduisant par un angle de contact a 
I'eau pouvant etre inf6rieur ci 1°. On a egalement constat^ qu'il 6tait 
avantageux de favoriser une certaine porosite dans I'epaisseur du revetement. 
Ainsi, si le revetement n'est constltu6 que de TiOj, il presente de preference 
une porosite de I'ordre de 65 & 99%, notamment de 70 a 90%, la porosit6 
6tant d^finie ici de mani^re indirecte par le pourcentage de la density th^orique 
du TiOj, qui est d'environ 3,8. Pour favoriser une telle porosite, un moyen 
consiste, par exemple, h d^poser le revetement par une technique du type sol- 
gel, impliquant la decomposition de mat^riaux de type organo-m6talliques : on 
peut alors introduire dans la solution, outre le ou les precurseur(s) organo- 
m6taliique(s), un polym6re organique du type poly^thyldne glycol PEG : en 
durcissant la couche par chauffage, on brule le PEG, ce qui engendre ou 
amplifie une certaine porosite dans I'epaisseur de la couche. 

L'epaisseur du rev3tement selon invention est variable, elle est de 
preference comprise entre 5 nm et 1 micron, notamment entre 5 et 100 nm, 
notamment entre 10 et 80 nm, ou entre 20 et 50 nm. En fait, le choix de 
I'epaisseur peut dependre de differents paramfetres, notamment de 
I'application envisag6e du substrat du type vitrage, ou encore de la taille des 
cristallites de Ti02 dans le revetement ou de la presence d'alcalins en forte 
proportion dans le substrat. 

Entre ie substrat et le revetement selon I'invention, on peut disposer une 
ou plusieurs autres couches minces k fonction diff^rente ou complementaire 
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de celle du revetement. II peut s'agir, notamment, de couches d fonction anti- 
statique, thermique, optique, ou favorisant la croissance cristalline de TiO^ 
sous forme anatase ou rutile, ou de couches faisant barriere d la migration de 
certains elements provenant du substrat. notamment faisant barriere aux 
alcalins et tout particulierement aux ions sodium quand le substrat est en 



verre. 



On peut aussi envisager un empilement de couches « anti-reflets », 
alternant des couches minces h haut et bas indices, le revetement selon 
I'invention constituant la derni6re couche de I'empilement. Dans ce cas, il est 
preferable que le revetement soit d'indice de refraction relativement peu 
6lev§, ce qui est le cas quand il est constitu6 d'un oxyde mixte de titane et de 
silicium. 

La couche k fonction anti-statique et ou thermique (chauffante en la 
munissant d'amen6es de courant, bas-6missive, anti-solaire, ...) peut 
notamment §tre choisie d base d'un mat6riau conducteur du type m6tal, 
comme I'argent, ou du type oxyde metailique dope comme I'oxyde d'indium 
dope h retain ITO. I'oxyde d'etain dope avec un halogene du type fluor 
SnOjrF, ou avec de I'antimoine SnO^iSb, ou de I'oxyde de zinc dope a I'indium 
ZnO:ln, au fluor ZnO:F, a I'aluminium ZnO:AI ou i I'etain ZnO:Sn. II peut aussi 
s'agir d'oxydes metalliques sous-stoechiometriques en oxygene. comme 
SnOz-x ou Zn02x avec x < 2. 

La couche S fontion anti-statique a de preference une valeur de resistance 
carree de 20 d 1000 ohms/carre. On peut pr6voir de la munir d'amenees de 
courant afin de la polariser (tensions d'alimentation par example comprises 
entre 5 et lOOV). Cette polarisation controlee permet notamment de lutter 
centre le depot de poussieres de taille de I'ordre du millimetre susceptibles de 
se deposer sur le revStement. notamment des poussieres seches adherentes 
que par effet eiectro-statique : en inversant brutalement la polarisation de la 
couche, on « ejecte » ces poussieres. 

La couche mince e fonction optique peut etre choisie afin de diminuer la 
reflexion lumineuse et/ou rendre plus neutre la couleur en reflexion du 
substrat. Elle pr6sente dans ce cas, de preference, un indice de refraction 
intermediaire entre celui du revStement et celui du substrat et une epaisseur 
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optique appropri^e, et peut etre constitute d'un oxyde ou d'un melange 
d'oxydes du type oxyde d'aluminium AI2O3, oxyde d'ttain Sn02, oxyde 
d'indium IrijOa, oxycarbure ou oxynitrure de silicium. Pour obtenir une 
attenuation maxinnale de la couleur en reflexion, 11 est prtf^rable que cette 
couche mince prisente un indice de refraction proche de la racine carree du 
produit des carrts des indices de refraction des deux mattriaux qui 
I'encadrent, c'est-d-dire le substrat et le revetement selon I'invention. 
Paralieiement, il est avantageux de choisir son epaisseur optique (c'est-d-dire 
le produit de son Epaisseur geometrique et de son indice de refraction) voisine 
de lambda/4, lambda etant approximativement la longueur d'onde moyenne 
dans le visible, notamment d'environ 500 a 550 nm. 

La couche mince a fonction de barriers aux alcalins peut etre notamment 
choisie a base d'oxyde, de nitrure, d'oxynitrure ou d'oxycarbure de silicium, en 
oxyde d'aluminium contenant du fluor Al203:F, ou encore en nitrure 
d'aluminium. En fait, elle s'est av6r6e utile quand le substrat est en verre, car 
la migration d'ions sodium dans le revetement selon ['invention peut, dans 
certaines conditions, en alterer les proprietts photocatalytiques. 

La nature du substrat ou de la sous-couche a en outre un interet 
supplementaire elle peut favoriser la cristallisation de la couche 
photocatalytique que Ton depose, notamment dans le cas du depot CVD. 

Ainsi, lors de depdt par CVD de TiOj, une sous-couche de SnOjiF 
cristallisee favorise la croissance de Ti02 sous forme majoritairement rutile, 
notamment pour des temperatures de depot de I'ordre de 400° d 500°C, aiors 
que la surface d'un verre sodo-calcique ou d'une sous-couche d'oxycarbure de 
silicium induit plutdt une croissance anatase, notamment pour des 
temperatures de dep6t de I'ordre de 400° & BOO^C. 

Toutes ces couches minces optionnelles peuvent, de maniere connue, 
etre deposees par des techniques sous vide du type pulverisation cathodique 
ou par d'autres techniques du type decomposition thermique telles que les 
pyrolyses en phase solide, liquide ou gazeuse. Chacune des couches pre- 
mentionnees peut cumuler plusieurs fonctions, mais on peut aussi les 
superposer. 
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L'invention a egalement pour objet les vitrages « anti-salissures » 
(salissures organiques et/ou min^rales) et/ou « anti-buee ». qu'ils soient 
monolithiques, multiples isolants du type double-vltrage ou feuilletes. et qui 
incorporent les substrata revetus prec6demment decrits. 

L'invention vise done la fabrication de produits verriers. ceramiques ou 
vitro-c6ramiques, et tout particuiierement la fabrication de vitrages « auto- 
nettoyants ». Ceux-ci peuvent avantageusement etre des vitrages de b§timent. 
comme des double-vitrages (on peut alors disposer le rev§tement « cote 
ext6rieur » et/ou « c6t6 int6rieur ». c'est-S-dire en face 1 et/ou en face 4). 
Cela s'avdre tout particuiierement interessant pour les vitrages peu accessibles 
au nettoyage et/ou qui ont besoin d'§tre nettoy6s trfes fr6quemment, comme 
des vitrages de toTture, des vitrages d'aeroports. ... II peut aussi s'agir de 
vitrages pour v^hicules oO le nnaintien de la visibility est un critere essential de 
s6curit6. Ce ravStement peut ainsi etre dispose sur des pare-brise, lateraux ou 
lunettes arridre de voiture, notamment sur la face des vitrages tourn^e vers 
I'int6rieur de I'habitacle. Ce revetement peut alors 6viter la formation de buee, 
et/ou supprimer les traces de salissures du type trace de doigts, nicotine ou 
mat6riau organique du type plastifiant volatil relargue par le plastique iiabillant 
I'int6rieur de I'habitacle, notamment celui du tableau de bord (relargage connu 
parfois sous le terme anglais de « fogging »). D'autres v6hicules tels 
qu'avions ou trains peuvent aussi trouver int6ret d utiliser des vitrages munis 
du revgtement de l'invention. 

Nombre d'autres applications sont possibles, notamment pour les verres 
d'aquarium, les vitrines de magasin, les serres, les verandas, les verres utilises 
dans I'ameublement int6rieur ou le mobiiier urbain, mais aussi les miroirs, les 
6crans de t6l6vision, le domalne de la lunetterie ou tout materiau d'architecture 
du type mat6riau de faqade, de bardage, de toiture tel que des tuiles, ... 

L'invention permet ainsi de fonctionnaiiser ces produits connus, en leur 
conf6rant des propri6t6s anti-ultraviolet, anti-salissure, bactericide, anti-reflet, 
anti-statique, anti-microorganisme, ... 

Une autre application intdressante du rev§tement selon l'invention 
consiste h I'associer d un vitrage a absorption variable command6e 
electriquement du type vitrage 6lectrochrome, vitrage a cristaux liquides 
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eventuellement avec colorant dichroique, vitrage d systeme de particules 
suspendues, vitrage violog6ne... Tous ces vitrages etant constitu^s en general 
d'une pluralite de substrats transparents entre lesquels sont disposes les 
elements « actifs », on peut alors avantageusement disposer le revetement sur 
la face ext^rieure d'au moins un de ces substrats. 

Notamment dans le cas d'un vitrage electrochrome, lorsque ce dernier est 
a I'^tat colors, son absorption conduit h un certain echauffement en surface, 
08 qui, de fait, est susceptible d'accSISrer la decomposition photocatalytique 
des substances carbonSes se dSposant sur le revetement selon I'invention. 
Pour plus de details sur la structure d'un vitrage 6lectrochrome, on se 
reportera avantageusement h la demande de brevet EP-A-0 575 207 decrivant 
un double vitrage feuillete 6lectrochrome, le revetement selon I'invention 
pouvant, de preference, etre dispose en face 1 . 

I'invention a 6galement pour objet les differents precedes d'obtention du 
revStement selon I'invention. On peut avoir recours ^ une technique de d6p6t 
du type pyrolyse, interessante car elle permet notamment le depot du 
revfitement en continu, directement sur le ruban de verre float, lorsqu'on 
utilise un substrat verrier. 

La pyrolyse peut s'effectuer en phase solide, a partir de poudre(s) de 
prScurseurls) du type organo-m6tallique(s). 

La pyrolyse peut s'effectuer en phase liquide, a partir d'une solution 
comprenant un prdcurseur organo-mdtallique de titane du type chelate de 
titane et/ou alcoolate de titane. On melange de tels pr^curseurs d au moins un 
autre prScurseur organo-mStallique. Pour plus de details sur la nature du 
prScurseur de titane ou sur les conditions de dSpot, on se rapportera par 
example aux brevets FR-2 310 977 et EP-0 465 309. 

La pyrolyse peut aussi s'effectuer en phase vapeur, technique que Ton 
d6signe 6galement sous le terme de CVD (Chemical Vapor Deposition), d partir 
d'au moins un precurseur de titane du type halog6nure tel que TiCU ou 
alcoolate de titane du type tStraisopropylate de Ti, Ti(OiPr)4. La cristallisation 
de la couche peut en outre §tre contrdlSe par le type de sous-couche, comme 
evoque pr^c^demment. 
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On peut egalement d^poser le revetement par d'autres techniques, 
notamment par les techniques associees au « sol-gel ,,. Differents modes de 
d6p6t sont possibles, comme le « tremp6 » aussi appele « dip-coating » ou un 
d6p6t a I'aide d'une cellule appele « cell-coating ». II peut aussi s'agir d'un 
mode de d6p6t par « spray-coating ,, ou par enduction laminaire. cette demi6re 
technique etant detaillSe dans la demande de brevet WO-94/01598. Tous ces 
modes de d6p6t utilisem en g6n6ral une solution comprenant au moins un 
pr6curseur organo-m6tallique, notamment de titane du type alcoolate que I'on 
decompose thermiquement apres enduction du substrat par la solution sur 
I'une de see faces, ou sur ses deux faces. 

II peut etre int6ressant, par allleurs, de deposer le revetement, quelle que 
soit la technique de d6p6t envisag^e, non pas en une seule fois, mais par au 
moins deux Stapes successives. ce qui parait favoriser la cristallisation de 
I'oxyde de titane sur toute I'^paisseur du revetement lorsqu'on le choisit 
relativement 6pa\s. 

De meme, il est avantageux de faire subir au revetement a propri6t6 
photo-catalytique, apr6s d6p6t, un traitement thermique du type recuit. Un 
traitement thermique est indispensable pour une technique du type sol-gel ou 
enduction laminaire afin de decomposer le (s) pr6curseur(s) organo- 
m6tallique(s) en oxyde. une fois I'enduction du substrat effectuee et am6liorer 
la resistance S I'abrasion, ce qui n'est pas le cas lorsqu'on utilise une 
technique de pyrolyse ou le pr6curseur se decompose des qu'il se trouve au 
contact du substrat. Dans le premier cas comme dans le second, cependant, 
un traitement thermique post-depOt, une fois le TiOj form6. am6liore son taux 
de cristallisation. La temp6rature de traitement choisie peut en outre permettre 
de mieux controler le taux de cristallisation et la nature cristalline, anatase 
et/ou rutile, de I'oxyde. 

Cependant. dans le cas d'un substrat de verre sodo-calcique, des 
recuissons multiples et prolong6es peuvent favoriser une att6nuation de 
I'activit6 photocatalytique h cause d'une trop grande migration des alcalins du 
substrat vers la couche photor6active. L'utilisation d'une couche barrifere entre 
le substrat, s'il est en verre standard, et le revetement, ou le choix d'un 
substrat de verre de composition adequate, ou encore le choix d'un verre 
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sodo-calcique dont la surface est d6salcalinis6e, permettent de s'affranchir de 
ce risque. 

D'autres details et caract^ristiques avantageuses de I'invention ressortent 
de la description ci-apr^s d'exemples de realisation non limitatifs, h I'aide des 
figures suivantes : 

• figure 1 : une coupe transversale d'un substrat verrier muni du revStement 
selon I'invention, 

• figure 2 : un schema d'une technique de dSpdt sol-gel, dite « par tremp^ » 
ou par « dip-coating » du revetement, 

• figure 3 : un schema d'une technique de d6p6t dite « cell-coating », 

• figure 4 : un schema d'une technique de d6p6t dite « spray-coating », 

• figure 5 : un schema d'une technique de d6p6t par enduction laminaire. 

Comme repr6sente de maniere extremement sch^matique en figure 1 , 
tous les exemples suivants concernent le depot d'un revetement 3 dit « anti- 
salissures » essentiellement d base d'oxyde de titane sur un substrat 
transparent 1 . 

Le substrat 1 est en verre clair silico-sodo-caicique de 4 mm d'epaisseur 
et 50 cm de long et de large. II va de soi que I'invention n'est pas Iimit6e h ce 
type sp§cifique de verre. Le verre peut en outre ne pas fitre plan, mais bomb6. 

Entre le rev§tement 3 et substrat 1, se trouve une couche mince 
optionnelle 2 soit d base d'oxycarbure de silicium note SiOC en vue de 
constituer une barridre ^ la diffusion aux alcalins et/ou une couche att^nuant la 
reflexion lumineuse, soit d base d'oxyde d'6tain dop6 au fluor SnOjiF en vue 
de constituer une couche anti-statique et/ou bas-6missive, meme d effet bas- 
^missif peu accentu§, et/ou att^nuant la couleur notamment en reflexion. 
EXEMPLES 1 A 3 

Les exemples 1 S 3 concernent un revetement 3 depose h I'aide d'une 
technique de pyrolyse en phase liquide. On peut proc^der en continu, en 
utilisant une buse de distribution adaptee disposee transversalement et au- 
dessus du ruban de verre float, au sortir de I'enceinte du bain float 
proprement dit. Ici, on a procede de fapon discontinue, en utilisant une buse 
mobile disposee face au substrat 1 d6ja decoupe aux dimensions indiqu6es, 
substrat qui est d'abord chauffe dans un four a une temperature de 400 a 
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650°C avant de d^filer § vitesse constante devant la buse projetant une 
solution appropriee. 
EXEMPLE 1 

Dans cet exemple, 11 n'y a pas de couche optionnelle 2. Le revetement 3 
est depose a I'aide d'une solution connprenant deux precurseurs organo- 
m6talliques de titane, le di-iso-propoxy di-ac6tylacetonate de titane et le tetra- 
octyldne glycolate de titane dissous dans un melange de deux solvants. qui 
sont de I'ac6tate d'6thyle et de I'isopropanol. 

On peut noter que d'autres precurseurs de m§me type sont tout-^-fait 
utilisables 6galement. notannment d'autres chelates de titane du type 
ac6tylac6tonate de titane, m6thylac6toac6tate de titane, ethylac6toac6tate de 
titane ou encore le titane tri-6thanol amine ou le titane di-6thanol amine. 

D6s que le substrat 1 a attaint la temperature voulue dans le four, soit 
notamment environ BOO^C. celui-ci defile devant la buse projetant d 
temperature ambiante le melange indique h I'aide d'air comprime. 

On obtient alors une couche de Ti02 d'environ 90 nm d'epaisseur, 
l-epaisseur pouvant Stre controlee par la vitesse de defilement du substrat 1 
devant la buse et/ou la temperature dudit substrat. La couche est partiellement 
cristallisee sous forme anatase. 

Cette couche presente une excellente tenue mecanique. Sa resistance 
aux tests d'abrasion est comparable ^ celle obtenue pour la surface du verre 
nu. 

Elle est bombable et trempable. Elle ne presente pas de voile : la 
transmission lumineuse diffuse du substrat revetu est infeheure k 0.6% 
(mesuree selon I'illuminant Dgg d 560 nm). 
EXEMPLE 2 

II renouvelle I'exemple 1, mais en intercalant entre le substrat 1 et 
revetement 3 une couche 2 en SnOziF de 73 nm d'epaisseur. Cene couche 
est obtenue par pyrolyse de poudre e partir de difluorure de dibutyietain DBTF. 
On peut aussi I'obtenir, de manifere connue, par pyrolyse en phase liquide ou 
vapeur, comme cela est par exemple decrit dans la demande de brevet EP-A-0 
648 1 96. En phase vapeur, on peut notamment utiliser un melange de mono- 
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butyl trichlorure d'etain et d'un pr^curseur fluor6 associd ^ventuellement k un 
oxydant « doux » du type HjO. 

L'indice de la couche obtenue est d'environ 1,9. Sa resistance carree est 
d'environ 50 ohms. 

Dans I'exemple 1 precedent, le substrat 1 revStu, mont6 en double- 
vitrage de manidre ci ce que le revStement soit en face 1 (avec un autre 
substrat 1 ' non revetu mais de meme nature et dinnensions que le substrat 1 
par rinterm^diaire d'une lame d'air de 12 mm) pr^sente une valeur de purete 
de couleur en reflexion de 26% et une valeur de purete de couleur en 
transmission de 6,8%. 

Dans cet exemple 2, la purete de couleur en reflexion (dans les dores) 
n'est plus que de 3,6%, et elle est de 1 ,1 % en transmission. 

Ainsi, la sous-couche en SnOjrF permet de conferer au substrat des 
propri^tds anti-statiques dues a sa conductivity 6!ectrique, elle a egalement 
une influence favorable sur la colorimdtrie du substrat, en rendant nettement 
plus « neutre » sa coloration, aussi bien en transmission qu'en reflexion, 
coloration provoqu^e par la presence du revetement 3 d'oxyde de titane 
pr^sentant un indice de refraction relativement 6\e\/6. On peut la polariser en la 
munissant d'une alimentation diectrique adaptee, pour limiter le ddpot de 
poussi6res de taille relativement importante de I'ordre du millimetre. 

En outre, cette sous-couche diminue la diffusion des alcalins dans la 
couche photocatalytique de TiOz- L'activite photocatalytique est done 
am^lior^e. 
EXEMPLE 3 

II renouvelle I'exemple 2, mais en intercalant cette fois entre substrat 1 et 
revetement 3 une couche 2 d base d'oxycarbure de silicium, d'indice d'environ 
1,75 et d'epaisseur environ 50 nm, couche que Ton peut obtenir par CVD a 
partir d'un melange de SiH4 et d'6thyl6ne en dilution dans de I'azote, comme 
d6crit dans la demande de brevet EP-A-0 518 755. Cette couche est 
particuli6rement efficace pour emp§cher la tendance a la diffusion d'alcalins 
(Na^, K"") et d'alcalino-terreux (Ca**) provenant du substrat 1 vers le 
revetement 3 et done l'activite photocatalytique est nettement am6lior6e. 
Ayant, comme Sn02:F, un indice de refraction interm6diaire entre celui du 
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substrat (1,52) et du revetement 3 (environ 2,30 d 2.35 ), elle permet 
egalement d'attenuer I'intensite de la coloration du substrat aussi bien en 
reflexion qu'en transmission et de diminuer globalement la valeur de reflexion 
lumineuse Rl dudit substrat. 

Les examples 4^7 suivants concernent des depots par CVD. 

EXEMPLg A A 7 

EXEMPLE 4 

Get exemple conceme le d^pdt par CVD du rev§tement 3 directement sur 
le substrat 1, h I'aide d'une buse standard comme celle representee dans la 
demande de brevet EP-A-0 518 755 pr^cit^e. Comme pr6curseurs. on utilise 
soit un organo-m^tallique, soit un halog6nure m4tallique. Ici on choisit comme 
organo-metallique le t^tra-isopropylate de titane, interessant pour sa grande 
volatilite et sa grande plage de temperatures d'utilisation, de 300 k eSO^C. 
Le d6p6t s'effectue dans cet exemple h environ 425 °C, I'epaisseur de TiOj est 
de 1 5 nm. 

Le t6tra-6thoxy titane Ti(0-Et)4 peut aussi convenir, et comme 
halog6nure, on peut citer TiCl4. 
EXEMPLE 5 

II s'effectue similairement h I'exemple 4, sauf qu'ici on depose la couche 
de 1 5 nm de TiOj non pas directement sur le verre, mais sur une sous-couche 
en SiOC de 50 nm dipos^e comme dans I'exemple 3. 
EXEMPLE 6 

II s'effectue comme I'exemple 4, sauf qu'ici l'6paisseur de la couche de 
TIO2 est de 65 nm. 
EXEMPLE 7 

II s'effectue comme d I'exemple 5, sauf qu'ici l'6paisseur de la couche 
de TiOj est de 60 nm. 

De ces exemples 4 d 7, on constate que les substrats ainsi rev§tus 
pr6sentent une bonne tenue m6canique aux tests d'abrasion. En particulier, on 
n'observe pas de dilamination de la couche de TiOj. 
EXEMPLE 8 

Cet exemple utilise une technique associee au sol-gel utilisant un mode 
de d§p6t par « tremp6 » encore appel^ « dip-coating » dont le principe ressort 
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de la figure 2: il s'agit d'immerger le substrat 1 dans la solution liquide 4 
contenant le(s) pr6curseur(s) ad6quat(s) du revetement 3, puis d'en extraire le 
substrat 1 it vitesse contr6l6e a I'aide d'un moyen moteur 5. le choix de la 
Vitesse d'extraction permettant d'ajuster I'^paisseur de solution restant d la 
surface des deux faces du substrat et, de fait, I'epaisseur des revetements 
deposes, apr§s traitement thermique de ce dernier pour h la fois evaporer le 
solvent et decomposer le ou les prScurseurs en oxyde. 

On utilise pour d^poser le revetement 3 une solution 4 comprenant soit 
du t6trabutoxyde de titane Ti(0-Bu)4 stabilise avec de la diethanol amine DEA 
en proportion molaire 1:1 dans un solvent type ethanol a 0,2 mole de 
t^trabutoxyde par litre d'6thanol, soit le m6lange de precurseurs et de solvents 
d^crits dans I'exemple 1 . ( Peut aussi dtre utilise un autre pr^curseur comme le 
dibutoxy-di6thanolamine de titane}. 

Les substrats 1 peuvent comporter des sous-couches SiOC. 

Aprds extraction de chacune des solutions 4, les substrats 1 sont 
chauff6s 1 heure d lOCC puis environ 3 heures a BSC'C avec une montee en 
temperature progressive. 

On obtient sur chacune des faces un revetement 3, dans les deux cas en 
Ti02 bien cristallis6 sous forme anatase. 
EXEMPLE 9 

Cet exemple utilise la technique appel^e « cell-coating » dont le principe 
est rappeie dans la figure 3. II s'agit de former une cavity etroite delimitee par 
deux faces sensiblement paralldles 6, 7 et deux joints 8, 9, au moins une de 
ces faces 6, 7 etant constituee par la face du substrat 1 d trailer. Puis on 
remplit la cavite de la solution 4 de precurseur(s) du rev§tement, et on retire 
la solution 4 de mani^re contrdl6e, de manidre d forme un m^nisque de 
mouillage S I'aide d'une pompe 10 p^ristaltique par exemple, en laissant un 
film de la solution 4 sur le face du substrat 1 au fur et d mesure du retrait de 
la solution. 

La cavit6 5 est ensuite malntenue au moins le temps n6cessaire ci un 
s6chage. Le durcissement du film est effectu6 par traitement thermique. 
L'avantage de cette technique par rapport au « dip-coating » est notamment 
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que Ton peut trailer qu'une seule des deux faces du substrat 1, et non les 
deux systematiquement. a moins d'avoir recours a un systeme de masquage. 

Les substrats 1 comportent des couches minces 2 a base d'oxycarbure 
de silicium SiOC. 

L'exemple 6 utilise respectivement les solutions 4 d6crites dans I'exemple 
8. Les memes traitements thermiques sont ensuite op6res pour obtenir le 
revStement 3 de TiOj. 

Le revStement 3 pr6sente une bonne durabilite mecanique. 
II apparait au MEB (microscope electronique a balayage) un effet de 
champ sous la forme de « grains » de monocristaux de diamdtre environ 30 
nm. La rugosity de ce revStement induit des propri6tes de mouillage exaltees 
par rapport d un revetement non rugueux. 

Ces memes solutions 4 peuvent etre egalement utilis6es pour deposer 
des rev§tements par « spray-coating », comme represents en figure 4, ou I'on 
pulverise la solution 4 sous forme d'un nuage centre le substrat 1 en statique, 
ou par enduction laminaire comme represent^ en figure 5. Dans ce dernier cas, 
on fait passer le substrat 1, maintenu par succion sous vide, contre un support 
11 en inox et T6flon au-dessus d'un reservoir 12 contenant la solution, 
solution dans laquelle est partiellement immerge un cylindre 14 fendu, on 
d6place ensuite I'ensemble du reservoir 12 et du cylindre 14 sur toute la 
longueur du substrat 1, le masque 13 evitant une Evaporation trop rapide du 
solvant de la solution 4. Pour plus de details sur cette derniere technique, on 
se reportera avantageusement a la demande de brevet WO-94/01598 pr6- 
cit^e. 

Des tests ont 6x6 effectu6s sur les substrats obtenus selon les exemples 
prec6dents afin de caracteriser les revStements d^posEs et evaluer leurs 
performances « anti-bu6e » et « anti-salissures ». 

□ Test 1 : c'est le test des figures de buee. II consiste a observer les 
consequences de la photo-catalyse et de la structure du revetement (taux 
de groupes hydroxyl, porosit6. rugositd) sur le mouillage. Si la surface est 
photo-reactive, les micro-pollutions carbonees qui se dSposent sur le 
revetement sont d^truites en permanence, et la surface est hydrophile done 
anti-buee. On peut aussi faire une evaluation quantitative en richauffant 
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brusquement le substrat revetu initialement, entrepose au froid ou 
simplement en soufflant sur le substrat, en mesurant s'il apparait de la bu^e 
et dans raffirmative, a quel moment, puis en mesurant le temps necessaire 
a la disparition de ladite bu6e. 

□ Test 2 : il s'agit d'^valuer I'hydrophilie et rol^ophilie d la surface du 
revetement 3, en comparaison de celles de la surface d'un verre nu, par la 
mesure d'angles de contact d'une goutte d'eau et d'une goutte de DOP (di- 
octyl-phtalate) it leurs surfaces, apres avoir laisse les substrats une semaine 
h Tatmosph^re ambiante sous ^clairage natural, dans le noir puis les avoir 
soumis 20 minutes a un rayonnement UVA. 

□ Test 3 : il consiste ci d^poser sur ie substrat a ^valuer une couche d'un 
organosilane et h I'irradier par des U.V.A. de mani6re a la degrader par 
photocatalyse. L'organosilane modifiant les propri^tes de mouillage, les 
mesures d'angle de contact S I'eau du substrat au cours de I'irradiation 
indiquent r6tat de degradation de la couche greffde. La vitesse de disparition 
de cette couche est relive b I'activite photocatalytique du substrat. 

L'organosilane greffe est un trichlorosilane : I'octadecyltrichlorosilane 
(OTS). Le greffage est r^alis^ par tremp^. 

L'appareil de test est constitu^ d'un carrousel tournant autour de 1 d 6 
lampes U.V.A. basse pression. Les 6prouvettes a evaluer sont plac^es dans le 
carrousel, la face b evaluer du cot6 du rayonnement U.V.A. Selon leur position 
et le nombre de lampes allum6es, cheque eprouvette recoit une irradiation 
U.V.A. variant de 0,5 W/m^ d 50 wW. Pour les exemples 1, 2, 3, 8 et 9. la 
puissance d'irradiation est choisie de 1 ,8 W/m^, et pour les exemples 4 a 7 de 
0,6 W/m^. 

Le temps entre chaque mesure de I'angle de contact varie entre 20 min et 
3 h, selon I'activite photocatalytique de !'6prouvette consider^e. Les mesures 
sont effectuees a I'aide d'un goniometre. 

Avant irradiation, les verres pr6sentent un angle d'environ 100°. On 
considere que la couche est detruite apres irradiation lorsque I'angle est 
inferieur k 20°. 

Chaque eprouvette testee est caract^risee par la vitesse moyenne de 
disparition de la couche, donnde en nanometre par heure, c'est-a-dire 
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l'6paisseur de la couche d'organosilane ddposee divisee par la dur6e 
d'irradiation permettant d'atteindre un palier final inf6rieur a 20° (temps de 
dlsparition de la couche d'organosilane). 

Tous les exemples precedents reussissent le test 1, c'est-&-dire que 
lorsqu'on souffle sur les substrats revetus du revitement. ils restent 
parfaitement transparents, alors que se depose une couche de buee bien 
visible sur des substrats non revetus. 

Les exemples ont subi ie test 2 : les substrats revetus, apres exposition 
aux rayonnements UVA, pr6sentent un angle de contact a I'eau et au DOP 
d'au plus 5". Au contraire, un verre nu dans les memes conditions presente un 
angle de contact d I'eau de 40 *> et un angle de contact au DOP de 20°. 

Le tableau ci-dessous regroupe les resultats des substrats rev§tus selon 



les exemples precedents au test 3. 


Substrat 


Test 3 de mouillage a 1,8 W/m'' 
U.V.A. (en nm/h) 


Example 1 {TiOj sur verre nu) 


0,03 


Example 2 (TiOj sur SnOjrF) 


0.1 


Example 3 {Ti02 sur SiOC) 


0,2 


Exemple 8 (TiOs sur 50 nm SiOC) 


5 


Exemple 9 (TiOs sur 50 nm SiOC) 


5 


Verre nu 


0 




Substrat (CVD) 


Test 3 de mouillage h 0.6 W/m'' 
U.V.A. (en nm/h) 


Exemple 4 (TiOj sur verre nu) 


< 0,05 nm/h 


Exemple 5 (TiOj sur SiOC) 


4 


Exemple 6 (TiO? sur verre nu) 


9 


Exemple 7 (TiOj sur SiOC) 


19,5 



Du tableau, on peut constater que la presence de sous-couches, 
notamment en SiOC, favorise I'activit6 photocatalytique du revdtement 
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contenant le Ti02, par son effet de barriere aux alcalins et alcalino-terreux 
pouvant migrer du verre (comparaison des examples 4 et 5 ou 6 et 7). 

On observe aussi que I'^paisseur du revetement contenant le Ti02 joue 
Sgalement un role (comparaison des examples 1 et 3) : pour une dpaisseur de 
revetement en TIO2 sup6rieure d la taille moyenne des mono-cristaux ou 
« cristaliites », on obtient un meilleur effet photocatalytique. 

En fait, on a pu observer que ce sont les rev§tements en TiOj obtenus 
par CVD qui presentent la cristatlisation la plus pouss^e, avec des tailles de 
cristaliites de I'ordre de 20 b 30 nm. On peut constater que I'activite 
photocatalytique de I'exemple 6 (65 nm de TiOz) est nettement superieure a 
celle de I'exemple 4 (15 nm de TiOj seulement). II est done avantageux de 
pr6voir une epaisseur de revetement de Ti02 au molns deux fois superieure au 
diam^tre moyen des cristaliites qu'il contient. Alternativement, comme c'est le 
cas de I'exemple 5, on peut conserver une 6paisseur mince de revetement en 
Ti02 mais alors choisir d'utiliser une sous-couche de nature et d 'epaisseur 
appropri^es pour favoriser au mieux ia croissance cristalline de Ti02 des la 
« premiere » couche de cristaliites. 

On a pu observer que la cristallisation du Ti02 6ta\x un peu moins pouss^e 
pour les revetements deposes par une autre technique que la CVD. Ld encore, 
tout est cependant affaire de compromis : une cristallisation moins pouss^e et 
une activite photocatalytique a priori moins 6lev6e peuvent etre 
« compensdes >» par I'utilisation d'un proc^dg de dSpot moins on^reux ou 
moins compiexe, par example. De plus, I'utilisation d'une sous-couche 
appropri^e ou le dopage du Ti02 peuvent permettre d'amdiiorer les 
performances photocatalytiques si nScessaire. 

On v^rifie aussi de la comparaison des exemples 2 et 3 que la nature de 
la sous-couche influe sur le mode de cristallisation et, de fait, sur I'activite 
photocatalytique du revetement. 
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REVENPICATIONP 

1. Substrat (1) S base verri6re, c6ramique ou vitro-ceramique. muni sur 
au moins une partie d'au moins une de ses faces d'un revetement (3) d 
propri6te photo-catalytique comportant de I'oxyde de titane au moins 
partiellement cristallisd. 

2. Substrat (1) selon la revendication 1, caract6ris6 en ce que I'oxyde de 
titane cristallis6 est sous forme anatase, sous forme rutile ou sous forme d'un 
melange d'anatase et de rutile. 

3. Substrat (1) selon la revendication 1 ou la revendication 2, caractdris^ 
en ce que I'oxyde de titane est cristallis6 avec un taux de cristallisation d'au 
moins 25%, notamment compris entre 30 et 80%. 

4. Substrat (1) selon I'une des revendlcations pr6cedentes, caractdrise en 
ce que I'oxyde de titane cristallis^ est sous forme de cristallites de taille 
moyenne comprise entre 0,5 et 60 nm. de pr6f6rence 1 k 50, notamment 10 d 
40 nm. 

5. Substrat (1) selon I'une des revendlcations prec6dentes, caracterise en 
ce que le revStement (3) comporte egalement un mat6riau mineral, notamment 
sous forme d'un oxyde ou melange d'oxydes amorphe ou partiellement 
cristallis6 du type oxyde de siiicium, oxyde de titane, oxyde d'etain, oxyde de 
zirconium, oxyde d'aluminium. 

6. Substrat (1) selon I'une des revendlcations prec6dentes, caractdris^ en 
ce que le revdtement comprend des additifs aptes h amplifier le ph6nomfene 
photocatalytique du S I'oxyde de titane, notamment en augmentant la bande 
d'absorptlon du revetement et/ou en augmentant le nombre de porteurs de 
charges par dopage du r^seau cristallin de I'oxyde ou par dopage de surface du 
revetement et/ou en augmentant rendement et cinetique des reactions 
photocatalytiques en recouvrant au moins une partie du revetement par un 
catalyseur. 

7. Substrat (1) selon la revendication 6, caracterise en ce que le reseau 
cristallin de I'oxyde de titane est dope, notamment par au moins un des 
6l6ments m6talliques du groupe comprenant le niobium, le tantale, le far, le 
bismuth, le cobalt, le nickel, le cuivre, ie ruthenium, le cerium, le molybdene. 
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8. Substrat (1) selon la revendication 6, caract6ris6 en ce.que I'oxyde de 
titane ou le revStement (3) dans son ensemble est rev§tu d'un catalyseur, 
notamment sous la forme de couche mince de m^tal noble du type platine, 
rhodium, argent, palladium. 

9. Substrat (1) selon la revendication 6, caracterise en ce que le 
revetement incorpore des ^ISments metalliques, notamment sous forme de 
particules, visant d augmenter sa bande d'absorption, didments choisis parmi 
retain, le cadmium, le tungstene. le cerium ou le zirconium. 

10. Substrat (1) selon la revendication 6, caracteris6 en ce que le dopage 
de surface de Toxyde de titane ou du revetement qui le comporte est realist 
en recouvrant au moins une partie dudit revetement d'une couche d'oxyde ou 
de sels metalliques, le metal 6tant choisi parmi le fer, le cuivre, le ruthenium, 
le cerium, le molybdene, le bismuth, le vanadium. 

11. Substrat (1) selon I'une des revendications pr6cedentes, caracterise 
en ce que la surface du revStement (3) est hydrophile, avec notamment un 
angle de contact a I'eau infSrieur a 5*" apres exposition a un rayonnement 
lumineux, et/ou oleophile. 

12. Substrat (1) selon I'une des revendications precedentes, caracterise 
en ce que I'^paisseur du revetement (3) est compris entre 5 nm et 1 micron, 
notamment entre 5 et 100 nm, de pr6f6rence 10 d 80, notamment 20 a 50 
nanomMres. 

13. Substrat (1) selon I'une des revendications precedentes, caracterise 
en ce que la rugosite RMS du revetement (3) est comprise entre 2 et 20 nm, 
notamment entre 5 et 20 nm. 

14. Substrat (1) selon I'une des revendications precedentes, caracterise 
en ce qu'est disposee sous le revdtement (3) e propriete photocatalytique au 
moins une couche mince (2) h fonction anti-statique, thermique, optique, ou 
faisant barriere a la migration des alcalins provenant du substrat (1). 

15. Substrat (1) selon la revendication 14, caracterise en ce que la 
couche mince (2) a fonction anti-statique, eventuellement a polarisation 
controlee, et/ou thermique et/ou optique est d base de materiau conducteur du 
type metal ou du type oxyde m6tallique dope tel que ITO, SnOjiF, ZnO:ln, 
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ZnO:F, ZnO:AI, 2nO:Sn ou oxyde m6tallique sous-stoechiometrique en 
oxyg6ne comme SnOz.x ou ZnOj.x avec x < 2. 

16. Substrat (1) selon la revendication 14, caracterise en ce que la 
couche mince (2) d fonction optique est d base d'un oxyde ou d'un melange 
d'oxydes dont I'irtdice de refraction est intermediaire entre celui du revetement 
et celui du substrat, notamment choisi(s) parmi les oxydes suivants : AI2O3. 
SnOs, InaOg. oxycarbure ou oxynitrure de silicium. 

17. Substrat (1) selon la revendication 14, caract^risd en ce que la 
couche mince (2) d fonction de barriere aux alcalins est a base d'oxyde, de 
nitrure, d'oxynitrure ou d'oxycarbure de silicium, d'AlzOazF ou de nitrure 
d'aluminium. 

18. Substrat (1) selon la revendication 14, caract6ris6 en ce que le 
revetement (3) constitue la derniere couche d'un empilement de couches anti- 
reflets. 

19. Vitrage « anti-salissures et/ou anti-bu6e », monolithique. multiple du 
type double-vitrage ou feuillet^ incorporant le substrat (1) selon I'une des 
revendications pr^c^dentes. 

20. Application du substrat (1) selon I'une des revendications 1 a 18 S la 
fabrication de vitrages « auto-nettoyants », anti-buee et/ou anti-salissures, du 
type salissures organiques et/ou min6rales, notamment des vitrages pour le 
batiment du type double-vitrage, des vitrages pour v6hicules du type pare- 
brise, lunette arri^re ou Iat6raux d'automobile, trains, avions, ou vitrages 
utilitaires comme des verres d'aquarium, de vitrines, de serre, d'ameublement 
int6rieur, de mobilier urbain, ou des miroirs, 6crans de television, vitrages d 
absorption variable command^e 6lectriquement. 

21. Proc6d6 d'obtention du substrat (1) selon I'une des revendications 1 
a 18, caract6rls6 en ce qu'on depose le revetement (3) a propri§t6 photo- 
catalytique par pyrolyse en phase liquide, notamment i, partir d'une solution 
comprenant au moins un pr6curseur organo-metallique de titane du type 
chelate de titane et/ou alcoolate de titane. 

22. Precede d'obtention du substrat (1) selon I'une des revendications 1 
a 18, caracterise en ce qu'on depose le revetement (3) a propriete photo- 
catalytique par une technique de sol-gel, avec un mode de depot du type 
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tremp^ ou dip-coating, cell-cbating, spray-coating, ou enductio.n laminaire, i 
partir d'une solution comprenant au moins un pr^curseur organo-nndtallique de 
titane du type alcooiate de titane. 

23. Proc6d6 d'obtention du substrat (1) selon i'une des revendications 1 
d 18, caract6rise en ce qu'on d6pose le revetement (3) a propri^t^ plioto- 
catalytique par pyroiyse en phase vapeur, CVD, a partir d'au moins un 
pr^curseur de titane du type halog^nure ou organo-m^tallique. 

24. Proc^d^ selon Tune des revendications 21 d 23, caract6rise en ce 
qu'on depose le revetement (3) d propri^te photo-catalytique en au moins deux 
Stapes successives. 

25. Procede selon I'une des revendications 21 a 24, caract^rise en ce 
qu'on fait subir au revetement (3) d propri^te photo-catalytique, apres d6p6t, 
au moins un traitement thermique du type recuit. 



wo 97/10186 



PCT/FR96/01421 



2/2 




FIG.5 



INTERNATIONAL SEARCH REPORT 



-nabooal Applicanan No 

PCT/FR 96/01421 



CG3C17/34 



B. FIELDS SEARCHED 



C. DOCUMENTS COMSIDERED TO BE RELEVANT 



DATABASE WPI 
Week 23 

Derwent Publications Ltd., London, GB; 
AN 88-158890 
XPQO2005574 

& JP.A.63 100 042 (NIPPON SHEET GLASS KK) 
. 2 May 1988 
see abstract 

JOURNAL OF MATERIALS SCIENCE. 

vol. 24, no. 1, January 1989, LONDON GB, 

pages 243-246, XP000046035 

M.TAKAHASHI ET AL.: "pt-tioZ thin films 

on glass substrates as efficient 

photocatalysts" 

see the whole document 

-/" 



I- 6.8. 

II- 25 



I- 6.8, 

II- 25 



[x] ' 





Date of Ow actual complcnon of tlw intonaaoaal teai 

5 December 1996 

tat nuilinf addras of Ac ISA 

European Patart OIBct. P.B. SSII Pi 
NL - 22 SO HV lUiiwiik 
Td. (♦ 31-70) V " 



Fax (+31-70) 340-3016 



0, Tx. 31 651 cpo Id. 



Date of mailing of die in 



1 <». 01. 97 



Ainhorized olTieci 



Reedijk, A 



Fotm PCT/UA/Ut (maaa •» 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 



PCT/FR 96/01421 



r« appropnatc. of the rc 



EP.A.O 544 577 (SAINT GOBAIN VITRAGE 
INTERNATIONAL) 2 June 1993 
see claims 1-10 

CHEMICAL ABSTRACTS, vol. 116, no. 10. 

9 March 1992 

Columbus, Ohio. US; 

abstract no. 89812a, 

page 396; 

XPQ0O4O5429 

see abstract 

& SU.A.l 663 046 (SCIENTIFIC RESEARCH 
INSTITUTE OF PHYSICAL CHEMICAL PROBLEMS 
MINSK) 15 July 1991 



1 



Foon PCT/ISA'UO (< 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Infomunon on pateM Euaily ramibcn 


■nalioful Applicalion No 

PCT/FR 96/01421 


Patent document 
dted in search report 


Publicalion 


Patent ramily 
nienib«r(() 


Publicalion 
dale 



EP-A-544577 02-06-93 FR-A- 2684095 28-05-93 

BR-A- 9204545 01-06-93 

CA-A- 2083671 27-05-93 

JP-A- 5229852 07-09-93 

US-A- 5342676 30-08-94 



RAPPORT DE RECHERCHE INTERNATIONALE 



PCT/FR 96/01421 



hrr^^mW'^'WsTz'b^ C03C17/34 



Scion la dmifiianon 



B. DOMAtNES SUR LESQUELS LA RECHERCHE A PORTE 



le (nom dc U (mk dc doania, <t a cela «it rtabobie. Is 



C. DOCUMENTS CON5IDERES COMME PERTINENTS 



DATABASE WPI 
Week 23 

Oerwent Publications Ltd., London, GB; 

AN 88-158890 
XPG02OO5574 

& JP.A,63 100 042 (NIPPON SHEET GLASS KK) 
. 2 Mai 1988 
voir abreg6 

JOURNAL OF MATERIALS SCIENCE, 

vol. 24. no. 1. Janvier 1989, LONDON GB, 

pages 243-246. XP000046035 

M.TAKAHASHI ET AL.: "pt-tio2 thin films 

on glass substrates as efficient 

photocatalysts" 

voir le document en entier 



I- 6.8, 

II- 25 



I- 6,8, 

II- 25 



I x| Voir Uuiledu cadre C pour U Ob deUUBedefdi 





5 Decembre 1996 



^ dc la cnltcrctM in 
OfTiec Europtcn da Brrvcu, P.B. MIS Pi 
NL - 2M0 HV Rijiwijk 
Td. ( + 31-70) 340-2040, TX. 31 6SI cpo nl, 
Fajc(-r 31-70) 340-3016 



Reedijk, A 



page 1 de 2 



RAPPORT DE RECHERCHE INTERNATIONALE 



PCT/FR 95/01421 



:) DOCUMENTS CONSIDERE5COMME PERTINENTS 



EP.A.Q 544 577 (SAINT GOBAIN VITRA6E 
INTERNATIONAL) 2 Juin 1993 
voir revendi cations 1-10 

CHEMICAL ABSTRACTS, vol. 116. no. 10. 

9 Mars 1992 

Columbus. Ohio, US; 

abstract no. 89812a. 

page 396; 

XPeO04O5429 

voir abrggi 

& SU.A.l 663 046 (SCIENTIFIC RESEARCH 
INSTITUTE OF PHYSICAL CHEMICAL PROBLEMS 
MINSK) 15 Juillet 1991 



page 2 de 2 



RAPPORT DE RECHERCHE INTERNATIONALE 


PCT/FR 96/01421 


Document brevet die 




Membrc(Ode 1» 
f«miUe de brevets) 


pubticuton 



FR-A- 
BR-A- 
CA-A- 
JP-A- 
US-A- 



2684095 28-05-93 

9204545 Ql-05-93 

2083671 27-05-93 

5229852 07-09-93 

5342676 30-08-94 



PC'X WORU3 INTELLECTUAL PROPERTY ORGANIZATION 

*■ Intemauonal Bureau 

INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent C 

C03C 17/245, 17/25, 17/34 



licaUon Number: WO 98/41480 

(43) International PublicaUon Date: 24 September 1998 (24.09.98) 



(21) International Application Number: PCT/US98/0478S 

(22) IntemaUonal Filing Date: 12 March 1998 (12.03.98) 



(30) Priority Data: 
60/040^66 
08/899.257 



14 March 1997(14.03.97) 
23 July 1997 (23.07.97) 



(71) Applicant: PPG INDUSTRIES, INC. [US/US]; One PPG Place, 
Pittsburgh, PA 15272 (US). 

(72) Inventors: GREENBERG, Charles, B.; 3268 Windgate Drive, 
MurrysviUe, PA 15668 (US). HARRIS, Caroline, S.; 921 
Farragut Street. Pittsburgh, PA 15206 (US). KORTHUIS, 
Vincent; 6900 Aimpoint Drive, Piano, TX 75023 (US). 
KUTILEK. Luke. A.; 528 Ninth Street. Oakmont, PA 15139 
(US). SINGLETON, David. E.; 1535 Route 908, Natrona 
Heights. PA 15065 (US). SZANYI. Janos; 305 3itl Street, 
Oakmont, PA 15139 (US). THIEL, James, P.; Apartment 
6A, 5523 Ellsworth, Pittsburgh, PA 15232 (US). 

(74) Agents: LEPIANE, Donald, C; PPG Industries, Inc., One PPG 
Place, Pittsburgh, PA 15272 (US) et al. 



(54) Title: PHOTOCATALYTICALLY-ACnVATED SELF-CLEANING ARTICLE AND METHOD OF MAKING SAME 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU. CZ, DE, DK, EE, ES, FI, GB, GE. 
GH, GM. GW. HU, ID. IL, IS, JP, KE, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, 
TM, TR, TT, UA, UG, UZ, VN, YU, ZW, ARIPO patent 
(GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, DE. DK, ES, Fl, FR, GB, OR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BP, BJ, CF, CG, CI, CM. 
GA, GN, ML, MR, NE. SN, TD. TG). 



With international search report. 



(57) Abstract 

A method and article are disclosed wherein a substrate is provided with a photocatalytically-activated self-cleaning surface by 
forming a photocatalytically-activated self-cleaning coating on the substrate by spray pyrolysis chemical vapor deposition or magnetron 
sputter vacuum deposition. The coating has a thickness of at least about 500 Angstroms to limit sodium-ion poisoning to a portion of the 
coating facing the substrate. Alternatively, a sodium ion diRusion barrier layer is deposited over the substrate prior to the deposition of the 
photocatalytically-activated self-cleaning coating to prevent sodium ion poisoning of the photocatalytically-activated self-cleaning coating. 
The substrate includes glass substrates, including glass sheet and continuous float glass ribbon. 
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PHOTOCATALYTICAIiLY -ACTIVATED SELF -CLEANING ARTICLE 
AND METHOD OF MAKINQ SAME 

CROSS REFERENCE TO RBIATED APP LICATIONS 

5 This application claims the benefit of U.S. 

Provisional Application Serial No. 60/040,566 filed March 14, 
1997. U.S. Provisional Application Serial No. 60/040,565 
filed March 14, 1997, and U.S. Regular Application No. 

to Greenberg et al . , entitled "Photocatalytically- 

10 Activated Self -Cleaning Appliances", filed even date herewith, 
are also related to the present application and are hereby 
incorporated by reference . 

BACKGRQUMP OF THE INVENTION 

15 Fi.e3.d g£ the Inventipn 

The present invention relates to a method of 
depositing a photocatalytically-activated self -cleaning 
coating on a substrate (e.g. glass sheet or a continuous glass, 
float ribbon), to a method of preventing sodium ion poisoning- 

20 of the photocatalytically-activated self cleaning coating 
deposited over a sodium ion containing substrate and to 
articles of manufacture prepared according to the methods . 

Deaeriptlon of the Related Arfc 

25 For many substrates (e.g. glass substrates) , it is 

desireJsle chat the surface of the substrate remain "clean," 
that is to say free of surface contaminants, e.g. common 
organic and inorganic surface contaminants. Traditionally, 
this has meant that such surfaces must be cleaned frequently. 

30 This cleaning operation is typically performed manually or by 
mechanical devices. Either approach is quite labor, time 
and/or cost intensive. A need exists for substrates having 
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surfaces that are self -cleaning or at least easier to clean, 
which would eliminate or reduce the need for such manual or 
mechanical cleaning. 

Titanium dioxide (TiOa) coatings are known to 
5 provide a photocatalytically-activated self -cleaning 

(hereinafter "PASC") surface on a substrate. Publications 
directed to the formation of a PASC titanium dioxide coating 
on a glass substrate include U.S. Patent No. 5,595,813 and 
"Photooxidative Self -cleaning Transparent Titanium Dioxide 

10 Films on Glass", Paz et al . , J. Mater. Res., Vol. 10, No. 11, 
pp. 2842-48 (Nov. 1995) . Further, a bibliography of patents 
and articles relating generally to the photocatalytic 
oxidation of organic compoxinds is reported in Bihl i ngraphy nf 
Work On The PhPtocatalvtic Removal of HagiaT-douH anm^ o xina^ fi-nm 

15 Water &n<i Air, D. Blake, National Renewable Energy Laboratory 
(May 1994) and in an October 1995 update and an October 1996 
update . 

A presently available method of applying a PASC 
coating (e.g. a titsmium dioxide PASQ coating) to a substrate 

20 is the sol -gel method. With the sol -gel method an 

uncrystallized alcohol -solvent -based colloidal suspension (the 
sol) is spray, spin, or dip coated onto a substrate at or 
about room temperature. The substrate is then heated to a 
temperature within the range of about lOO'C to SOO^C (212*^ to 

25 1472'»F) , to either bond the PASC coating to the sxibstrate 
and/or to cause the crystallization of the PASC coating, in 
order to form a crystallized PASC coating (the gel) on the 
substrate . 

One limitation of applying a sol-gel PASC coating is 
30 that the sol -gel coating method is not economically or 

practically compatible with certain application conditions or 
substrates. For example, when it is desired to provide a PASC 
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coating on a float ribbon during manufacture thereof, the 
ribbon may be too hot to accept the sol depending in part, on 
the solvent used in the sol solution. For many solvents used 
in sol-gel process, it is required to cool the hot float 
5 ribbon to about room temperature before applying the sol, and 
to reheat the float ribbon to a tenperature sufficient to 
crystallize the sol into a PASC coating. Such cooling and 
reheating operations require a substantial investment in 
equipment, energy and handling costs, and significantly 

10 decrease production efficiency. 

The PASC activity of PASC coatings may be 
significantly reduced or destroyed if sodium ions are present 
in the substrate and migrate from the substrate into the PASC 
coating. This process is known as sodium poisoning or sodium 

15 ion poisoning. For many siibstrates which contain sodium ions, 
the rate of migration of sodium ions into coatings increases 
as the temperature of the substrate increases. Thus another 
limitation of the sol-gel coating method is that reheating the 
substrate increases the opportunity fpr sodium ion migration, 

2 0 euid in turn, sodium ion poisoning of a PASC coating. 

Another limitation of forming PASC coatings by the 
sol -gel method is the thickness of the coatings e.g. several 
microns thick. Such thick PASC coatings may have an adverse 
affect on the optical and/or aesthetic properties of PASC 

25 coated articles. 

As can be appreciated from the foregoing, a need 
exists for an article of manufacture having a PASC coating 
deposited therein and for a method of depositing a PASC 
coating that does not suffer from the drawbacks known in the 

30 art. 
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SUMMARY OP THE INVEMTIOM 

The present invention is directed to a PASC article 
of manufacture which includes a substrate having at least one 
surface and a PASC coating, e.g. titanium dioxide, deposited 
5 over the surface of the substrate by a process selected from 
the group consisting of chemical vapor deposition (hereinafter 
"CVD"), spray pyrolysis and magnetron sputtered vacuum 
deposition (hereinafter "MSVD") . The present invention is 
also directed to a method of making such an article of 

10 manufacture. 

The present invention is also directed to a PASC 
article of manufacture which includes a svibstrate having at 
least one surface, a sodium ion diffusion barrier (hereafter 
"SIDB") layer e.g. tin oxide, titanium dioxide, aluminum oxide 

15 layers and mixtures thereof deposited over the surface of the 
substrate, and a PASC coating e.g. a titanium dioxide coating 
deposited over the SIDB layer. The PASC coating and the SIDB 
layer are each deposited by a process selected from the group 
consisting of CVD, spray pyrolysis ai\fl MSVD. The present 

20 invention is also directed to a method of making such an 
article of manufacture. 



DESCRIPTION OF THK DRAWTWOS 

Fig. 1 is an elevational view of a portion of a 
25 substrate having a PASC coating dispersed thereon. 

Fig. 2 is a view similar to the view of Fig. 1 
illustrating an SIDB layer interposed between the svibstrate 
and the PT^C coating. 

Pig. 3 is a schematic view of selected components of 
30 a CVD coater. 

Fig. 4 is a schematic view of selected components of 
a spray pyrolysis coater. 
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DESCRIPTION OF THE PRBFERRED EMBODTMEWTS 

Referring now to Fig. l, there is shovm an article 
20 having features of the present invention. The article 20 

5 includes a substrate 22 having deposited thereon a PASC 

coating 24. The substrate 22 is not limiting to the invention 
emd may include a glass substrate e.g. a glass sheet or a 
continuous glass float ribbon, a plastic substrate, a metal 
substrate and an enameled substrate. 
IP The PASC coating 24 may be directly over the 

substrate 22 as shown in Figure 1 or in the alternative other 
layers may be interposed between the PASC coating 24 and the 
substrate 22, e.g. including but not limited to an SIDE layer 
26 as shown in Figure 2 and as described in more detail 
15 hereafter. Further, as may be appreciated by those skilled in 
the art, the PASC coating 24 may be the uppermost layer of a 
multilayer stack of coatings present on substrate 22 or the 
PASC coating 24 may be embedded as one of the layers other 
than the uppermost layer within such ^ multi-layer stack 

0 provided sufficient actinic radiation may pass through any 

coatings deposited above PASC coating 24 to photocatalytically 
activate PASC coating 24 and provided active radicals can pass 
through the coatings deposited above the PASC coating 24 to 
react with the organic contaminants present on the uppermost 

5 layer of the multilayer stack. 

The PASC coating 24 may be any coating which is 
photocatalytically activated to be self -cleaning and which can 
be deposited by the CVD method, the spray pyrolysis method or 
the MSVD method. For example but not limiting to the 

0 invention, the PASC coating 24 may include one or more metal 
oxides such as titanium oxides, iron oxides, silver oxides, 
copper oxides, tungsten oxides, zinc oxides, zinc/tin oxides. 
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Strontium titanate and mixtures thereof. The metal oxide may 
include oxides, super-oxides or sub-oxides of the metal. 

A preferred PASC coating 24 is a titanium dioxide 
coating. Titanium dioxide exists in an amorphous form and 
5 three crystalline forms, namely the anatase, rutile and 

brookite crystalline forms. Anatase phase titanium dioxide, is 
preferred because it exhibits strong PASC activity while also 
possessing excellent resistance to chemical attack and 
excellent physical durability. Further, anatase phase 

10 titanium dioxide has high transmission in the visible region 
of the spectrum which gives thin coatings of anatase titanium 
dioxide with excellent optical properties. The rutile phase 
of titanium dioxide also exhibits PASC activity. Combinations 
of the anatase and/or rutile phases with the brookite and/or 

15 amorphous phases are acceptable for the present invention 
provided the combination exhibits PASC activity. 

The PASC coating 24 must be sufficiently thick so as 
to provide an acceptable level of PASC activity. There is' no 
absolute value which renders the PASC coating 24 "accepteUale" 

20 or "unacceptable" because whether a PASC coating has an 

acceptable level of PASC activity is largely determined by the 
purpose and conditions under which the PASC coated article is 
being used and the performance standards selected in 
connection with that purpose. In general, thicker PASC 

25 coatings provide higher PASC activity. However, other 
considerations may weigh toward a thinner coating, e.g. 
thinner coatings are preferred when the article is to have 
high transmission for aesthetic or optical reasons; the 
surface contaminants on the surface of the article are easily 

30 removed with a thinner PASC coating, the coating is exposed to 
substantial irradiation and/or the PASC coating 24 will be 
exposed to sodium ion poisoning discussed in more detail 
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below. For a wide variety of applications, it is preferred 
that the PASC coating is at least about 200 Angstroms (A) , 
preferably at least about 400A and more preferably at least 
about 500A thick. It has been found that when the substrate 
5 22 is a piece of float glass and the PASC coating 24 is an 

anatase titanium dioxide PASC coating formed directly over the 
piece of float glass by the CVD method, that a thickness of at 
least about 500A provides a PASC reaction rate in the range of 
about 2 X 10"^ to about 5 x 10'^ per centimer minute 

10 (hereinafter "cm'^min"''" ) for the removal of a stearic acid test 
film when the PASC coating was exposed to ultraviolet 
radiation from a light source such as that sold under the 
tradename UVA-340 by the Q-Panel Company of Cleveland, Ohio, 
having an intensity of about 2 0 watts per square meter 

15 (hereinafter W/m') at the PASC coating surface which is 
acceptable for a wide range of applications. 

In accordance with the present invention, a thin 
e.g., less than 1 micron, more preferably less than 0.5 micron 
PASC coating is formed on the sxibstr^te 22 by spray pyrolysis 

20 CVD or MSVD methods. In the spray pyrolysis method a metal- 
containing precursor is carried either in an aqueous 
suspension, e.g. an aqueous solution, euid in the CVD method a 
carrier gas, e.g. nitrogen gas, and directed toward the 
surface of the substrate 22 while the substrate 22 is at a 

25 temperature high enough to cause the metal -containing 

precursor to decompose and to form a PASC coating 24 on the 
substrate 22. In the MSVD method, a metal -containing cathode 
target is sputtered under negative pressure in an inert or 
oxygen-containing atmosphere to deposit a sputter coating over 

30 substrate 22. The substrate 22 during or after coating is 

heated to cause crystallization of the sputter coating to form 
the PASC coating 24. 
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- 8 - 

Each of the methods has advantages and limitations 
e.g. the CVD method and pyrolysis method are preferred over 
the spray pyrolysis method because the aqueous solution of the 
spray pyrolysis method may result in the presence of OH" ions 
5 in the PASC coating 24, which may, in turn, inhibit proper 
crystalline formation in the PASC coating 24 thereby reducing 
the PASC activity of the coating. The CVD method and 
pyrolysis method are preferred over the MSVD method because it 
is compatible with coating continuous substrates found at 

10 elevated temperatures e.g. glass float ribbons. The CVD, 

spray pyrolysis and MSVD methods of depositing PASC coating 24 
are discussed in more detail below. As may be appreciated, 
spray pyrolysis and CVD methods may be used to deposit thin 
(e.g., a few hundred Angstrom thick) metal oxide coatings 

15 (including titanium dioxide coatings) over a substrate. Such 
coatings are described in U.S. Patent Nos . 4,344,986; 
4,393,095; 4,400,412; 4,719,126; 4,853,257; and 4,971,843 
which patents are hereby incorporated by reference. 

Metal -containing precursory that may be used in the 

2 0 practice of the present invention to form titanium dioxide 

PASC coatings by the CVD method include but are not limited to 
titanium tetrachloride (TiCl^) , titanium tetraisopropoxide 
(Ti(OC3H7)4) (hereinafter "TTIP") and titanium tetraethoxide 
(Ti(0C2H5)4) (hereinafter "TTEt"), Carrier gases that may be 

25 used in the CVD method include but are not limited to air, 

nitrogen, oxygen, ammonia and mixtures thereof. The preferred 
carrier gas is nitrogen and the preferred metal -containing 
precursor is TTIP. The concentration of the metal -containing 
precursor in the carrier gas is generally in the range of 0.1% 

30 to 0.4% by volume for the three listed metal -containing 

precursors, but as may be appreciated by those skilled in the 
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art, these concentrations may be varied for other mfetal- 
containing precursors. 

Metal -containing precursors that may be used in the 
practice of the invention to form PASC coatings by the spray 
5 pyrolysis method include relatively water insolvible 

organometallic reactants, specifically metal acetylacetonate 
compounds, which are jet milled or wet ground to a particle 
size of less than about 10 microns and suspended in an aqueous 
medium by the use of a chemical wetting agent. A suitable 

10 metal acetylacetonate to form a titani\im dioxide PT^C coating 
is titanyl acetylacetonate (TiO (C5H7O2) 2) . The relative 
concentration of the metal acetylacetonate in the aqueous 
suspension preferably ranges from about 5 to 40 weight percent 
of the aqueous suspension. The wetting agent may be any 

15 relatively low foaming surfactant, including anionic, nonionic 
or cationic compositions, although nonionic is preferred. The 
wetting agent is typically added at about 0.24% by weight, but 
can range from about 0.01% to 1% or more. The aqueous medium 
is preferably distilled or deionized jwater. Aqueous 

20 suspensions for pyrolytic deposition of metal -containing films 
are described in U.S. Patent No. 4,719,127 particularly at 
column 2, line 16, to column 4, line 48, which is hereby 
incorporated herein by reference. 

For both the CVD and the spray pyrolysis methods, 

25 the temperature of the substrate 22 during formation of the 
PASC coating 24 thereon must be within the range which will 
cause the metal containing precursor to decompose and form a 
coating having PASC activity {e.g. crystalline phase for metal 
oxide PASC coatings) . As may be appreciated, the lower limit 

30 of this temperature range is largely affected by the 

decomposition temperature of the selected metal -containing 
precursor. For the edsove listed titanium- containing 
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precursors, the minimum temperature of substrate 22 which will 
provide sufficient decomposition of the precursor is within 
the temperature range of about 400°C (752''F) , about 500°C 
(932°F) . The upper limit of this temperature range may be 
5 affected by the substrate being coated. For example where the 
substrate 22 is a glass float ribbon and the PASC coating 24 
is applied to the float ribbon during manufacture of the float 
ribbon, the float glass may reach temperatures in excess of 
lOOCc (1832«»F) . The float glass ribbon is usually attenuated 

10 or sized (e.g. stretched or compressed) at temperature above 
SOO'C (1472°F) . If the PASC coating 24 is applied while the 
float glass before or during attenuation, the PASC coating 24 
may crack or crinkle as the float ribbon is stretched or 
compressed respectively. Therefore, in the practice of the 

15 invention it is preferred to apply the PASC coating when the 
float ribbon is dimensionally stable e.g. below about 800**C 
(1472°F) for soda lime silica glass, and the float ribbon is at 
a temperature to decompose the metal -containing precursor e.g. 
above about 400*'C (752°F) . ' 

20 Forming PASC coating 24 by CVD or spray pyrolysis 

methods is particularly well suited for practice during the 
manufacture of the glass float ribbon. In general, a glass 
float ribbon is manufactured by melting glass batch materials 
in a furnace and delivering the refined molten glass onto a 

25 bath of molten tin. The molten glass on the bath is pulled 
across the tin bath as a continuous glass ribbon while it is 
sized and controllably cooled to form a dimensionally stable 
glass float ribbon. The float ribbon is removed from the tin 
bath and moved by conveying rolls through a lehr to anneal the 

30 float ribbon. The annealed float ribbon is then moved through 
cutting stations on conveyor rolls where the ribbon is cut 
into glass sheets of desired length and width. U.S. Patent 
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Nos. 4,466,562 and 4,671,155 hereby incorporated by reference 
provide a discussion of the float glass process. 

Temperatures of the float ribbon on the tin bath 
generally range from about 1093. S^C (2000''F) at the delivery 
end of the bath to about SSe'C (lOOCF) at the exit end of the 
bath. The temperature of the float ribbon between the tin 
bath emd the annealing lehr is generally in the range of about 
480''C (896»F) to about 580°C (lOVe^F) ; the temperatures of the 
float ribbon in the annealing lehr generally range from about 
204''C (400''F) to about 557°C (lOaS^F) peak. 

U.S. Patent Nos. 4,853,257; 4,971,843; 5,536,718; 
5,464,657; and 5,599,387 hereby incorporated by reference 
describe CVD coating apparatus and methods that may be used in 
the practice of the invention to coat the float ribbon during 
manufacture thereof. Because the CVD method can coat a moving 
float ribbon yet withstand the harsh environments associated 
with manufacturing the float ribbon, the CVD method is well 
suited to provide the PASC coating 24 on the float ribbon. 
The CVD coating apparatus may be employed at several points in 
the float ribbon manufacturing process. For example, CVD 
coating apparatus may be employed as the float ribbon travels 
through the tin bath after it exits the tin bath, before it 
enters the annealing lehr, as it travels through the annealing 
lehr, or after it exits the annealing lehr. 

As may be appreciated by those skilled in the art, 
concentration of the metal -containing precursor in the carrier 
gas, the rate of flow of the carrier gas, the speed of the 
float ribbon (the *line speed"), the surface area of the CVD 
coating apparatus relative to the surface area of the float 
ribbon, the surface areas and rate of flow of exhausted 
carrier gas through exhaust vents of the CVD coating apparatus 
more particularly, the ratio of exhaust rate through the 
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exhaust vents versus the carrier gas input rate through the 
CVD coating unit, knovm as the "exhaust matching ratio" and 
the temperature of the float ribbon are among the parameters 
which will affect the final thickness and morphology of the 
5 PASC coating 24 formed on float ribbon by the CVD process. 

U.S. Patent NOS. 4,719,126; 4,719,127; 4,111,150; 
and 3,660,061 hereby incorporated by reference describe spray 
pyrolysis apparatus and methods that may be used with the 
float ribbon manufacturing process. While the spray pyrolysis 

10 method like the CVD method is well suited for coating a moving 
float glass ribbon, the spray pyrolysis has more complex 
equipment than the CVD equipment and is usually employed 
between the exit end of the tin bath and the entrance end of 
the annealing lehr. 

15 As can be appreciated by those skilled in the art, 

the constituents and concentration of the pyrolytically 
sprayed aqueous suspension, the line speed of the float 
ribbon, the number of pyrolytic spray guns, the spray pressure 
or volume, the spray pattern, emd th^ temperature of the float 

20 ribbon at the time of deposition are among the parameters 
which will affect the final thickness and morphology of the 
PASC coating 24 formed on the float ribbon by spray pyrolysis. 

As is known by those skilled in the art, the surface 
of the glass float ribbon on the molten tin (commonly referred 

25 to as the "tin side") has diffused tin in the surface which 
provides the tin side with a pattern of tin absorption that 
is different from the opposing surface not in contact with the 
molten tin (commonly referred to as "the air side"). This 
characteristic is discussed in rhpmi rrai f;har-ar!rf.T -ist:ies of 

3 0 Float Glass Surf acaH . Seiger, J. , JOURNAL OF NON- CRYSTALLINE 

SOLIDS, Vol. 19, pp. 213-220 (1975); Penetration of Tin in Tha 

Bor.r.nni Rux-face of Float Glass; a synthftBiR . columbin l. et 
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al., JOURNAL OF NON- CRYSTALLINE SOLIDS, Vol. 38 & 39, pp. 551- 
556 (1980); and Tin Oxidafcion State. Denhh Pr-of lles of Sn^ anri 
Sn^ and Oxvaen Diffusivltv In Float Glags h v Mossbauf^i- 
SpectT-nsropy, Williams, K. F. E. et al . , JOURNAL OF NON- 
5 CRYSTALLINE SOLIDS, Vol. 211,- pp. 164-172 (1997), which 

disclosures are hereby incorporated by reference. As may be 
appreciated by those skilled in the art, the PASC coating 24 
may be formed on the air side of the float ribbon while it is 
supported on the tin bath (by the CVD method) ; on the air side 

10 of the float ribbon after it leaves the tin bath by either the 
CVD or spray pyrolysis methods and on the tin side of the 
float ribbon after it exits the tin bath by the CVD method. 
When the PASC coating 24 is formed on the tin side of float 
ribbon, it is expected that the tin and/or tin oxide present 

15 in glass surface will fvmction as an SIDE layer 26 for the 
PASC coating 24 disposed thereon, 

U.S. Patent Nos . 4,379,040; 4,861,669; 4,900,633; 
4,920,006; 4,938,857; 5,328,768; and 5 , 492 , 750 hereby 
incorporated by reference describe ME^VD apparatus and methods 

20 to sputter coat metal oxide films on a substrate, including a 
glass substrate. The MSVD process is not generally compatible 
with providing a PASC coating over a glass float ribbon during 
its manufacture because, among other things, the MSVD process 
requires negative pressure during the sputtering operation 

2 5 which is difficult to form over a continuous moving float 

ribbon. However, the MSVD method is acceptable to deposit the 
PASC coating 24 on sxibstrate 22 e.g., a glass sheet. As can 
be appreciated by those skilled in the art, the substrate 22 
may be heated to temperatures in the range of about 4 00°C 

30 (752*'F) to about 500°C (932°F) so that the MSVD sputtered 
coating on the substrate crystallizes during deposition 
process thereby eliminating a subsequent heating operation. 
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Heating the substrate during sputtering is not a preferred 
method because the additional heating operation during 
sputtering may decrease throughput . Alternatively the sputter 
coating may be crystallized within the MSVD coating apparatus 
5 directly and without post heat treatment by using a high 
energy plasma, but again because of its tendency to reduce 
throughput through an MSVD coater, this is not a preferred 
method. 

The preferred method to provide a PASC coating using 

10 the MSVD method is to sputter a coating on the substrate, 
remove the coated substrate from the MSVD coater and 
thereafter heat treat the coated substrate to crystallize the 
sputter coating into the PASC coating 24. For example, but 
not limiting to the invention, with the MSVD method, a target 

15 of titanium metal sputtered in em argon/oxygen atmosphere 

having about 5-50%, preferably cdaout 20% oxygen, at a pressure 
of about 5-10 millitorr to sputter deposit a titanium dioxide 
coating of desired thickness on the substrate 22 . The coating 
as deposited is not crystallized. The coated substrate is 

20 removed from the coater and heated to a temperature in the 

range of about 400*C (752'*F) to about 600°C (1112°F) for a time 
period sufficient to promote formation of -the PASC crystalline 
form of titanium dioxide to render PASC activity. Generally 
at least an hour at ten^erature in the range of about 400°C 

25 {752°F) to about 600»C (1112°F) is preferred. Where the 

svibstrate 22 is a glass sheet cut from a glass float ribbon, 
the PASC coating 24 may be sputter deposited on the air side 
and/or the tin side. 

The s\ibstrate 22 having the PASC coating 24 

30 deposited by the CVD, spray pyrolysis or MSVD methods may be 
svibsequently subjected to one or more post-PASC coating 
annealing operations to increase the self -cleaning activity of 
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the PASC coating 24. It is believed that such post-PASC 
coating annealing may increase self -cleaning activity of the 
PASC coating 24 by promoting formation of the desired PASC 
crystalline phase. As may be appreciated, the time and 
5 temperatures of the anneal may be affected by several factors, 
including the makeup of substrate 22, the makeup of PASC 
coating 24, the thickness of the PASC coating 24, and whether 
the PASC coating 24 is directly on the svibstrate 22 or is one 
layer of a multilayer stack on substrate 22 . It has been 
10 determined that where the substrate 22 is a piece of float 
glass and the PASC coating is a 400A or 625A thick anatase 
titanium dioxide formed by the spray pyrolysis method, that 
annealing the coating at SOO^C (932°F) for up to 13 minutes 
increased PASC activity. 
15 As discussed above, whether the PASC coating is 

provided by the CVD process, the spray pyrolysis process or 
the MSVD process, where the substrate 22 includes sodium ions 
that can migrate from svibstrate 22 into the PASC coating 
deposited on substrate 22, the sodiunv ions may inhibit or 
20 destroy the photocatalytic activity of the PASC coating by 
forming inactive compounds while consuming titanium e.g. by 
forming sodium titanates or by causing recombination of 
photoexcited charges. 

It has been found that the PASC coating may be 
25 formed over a sodium ion containing substrate 22 without loss 
of photocatalytic activity by: 1) providing for a limited 
partial sodium ion poisoning of a portion of the PASC coating; 
and/or 2) providing an SIDE layer 26. Each method is 
discussed in detail below. 
30 It has been found that when the thickness of the 

PASC coating exceeds a minimum threshold value, the PASC 
activity is not destroyed by sodium ion migration even though 
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Che PASC coating is deposited over the surface of a sodium- ion 
containing substrate while the siibstrate is at a temperature 
sufficient to cause migration of sodium ions from substrate 
into the PASC coating. While the mechanism for this result is 
5 not completely understood, it is believed that when the 

thickness of the PASC coating exceeds this minimum thickness, 
the sodium ions are able to migrate only through a fraction of 
the overall thickness of the PASC coating during the time 
period at which the temperature of svibstrate exceeds the 
10 temperature which permits sodium ion migration. Thereafter, 
when the temperature of sxabstrate falls below that which 
causes sodium ion migration, the sodium ions migration stops 
or "freezes" in place, resulting in a thickness of the PASC 
coating opposite from the substrate surface free of sodium ion 
15 poisoning and able to maintain PASC activity. This minimum 
thickness of the PASC coating as may be appreciated by those 
skilled in the art varies with expected parameters such as, 
but not limited to, the time at which svibstrate is held above 
the temperature at which sodium ion nvLgration occurs, the use 
20 to which the PASC article of manufacture is to be put and the 
degree of PASC activity desired or required. It has been 
found that for a CVD deposited titanium dioxide PASC coating 
over a piece of soda-lime-silica flat glass, the thickness of 
the PASC coating should be a minimum of about 250A, preferaJsly 
25 a minimum of about 400A and more prefersJaly a minimum of about 
500A to permit a sufficient portion of the PASC coating 24 to 
remain free of sodium ion poisoning emd retain its PASC 
activity. 

Referring now to Fig. 2, in an alternative method of 
30 preventing sodium ion poisoning of the PASC coating, an SIDE 
layer 26 is provided between the PASC coating 24 and the 
substrate 22. The SIDE layer 26 may be the only layer between 
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the PASC coating 24 and the substrate 22, or it may be one 
layer of a multilayer stack, where a multilayer stack is 
employed, it is not required that the SIDE layer 2 6 be in 
contact with the svibstrate 22, provided the SIDB layer 26 is 
5 positioned between the PASC coating 24 and the siibstrate 22 to 
prevent sodium ion migration from the substrate 22 to the PASC 
coating 24. 

The SIDB layer 26 may be formed of amorphous or 
crystalline metal oxides including but not limited to cobalt 

10 oxides, chromium oxides and iron oxides, tin oxides, silicon 
oxides, titanium oxides, zirconium oxides, fluorine -doped tin 
oxides, aluminum oxides, magnesium oxides, zinc oxides, and 
mixtures thereof . Mixtures include but are not limited to 
magnesium/aluminum oxides and zinc/tin oxides. As can be 

15 appreciated by those skilled in the art, the metal oxide may 
include oxides, super-oxides or sub-oxides of the metal. 
While the thickness of the SIDB layer necessary to prevent 
sodium ion poisoning of the PASC coating varies with several 
factors including the time period at which a svibstrate will be 

20 maintained at temperatures above which sodium ion migration 
occurs, the rate of sodium ion migration from the svibstrate, 
the rate of sodium ion migration through the SIDB layer, the 
thickness of the PASC coating and the degree of photocatalytic 
activity required for a given application, typically for most 

25 applications, the SIDB layer thickness should be in the range 
of at least about lOOA, preferably at least about 250A and 
more preferably at least about 500A thick to prevent sodium 
ion poisoning of the PASC coating layer. The SIDB layer may 
be deposited over substrate 22 by CVD, spray pyrolysis, or 

3 0 MSVD methods. Where the spray pyrolysis or cvD methods are 
employed, the substrate 22 is preferably maintained at a 
temperature of at least about 400"C (752 °F) to ensure 
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decomposition of the metal -containing precursor to form the 
SIDE layer. The SIDE layer may be formed by other methods, 
including the sol-gel method, which sol-gel method as noted 
above is not compatible with the manufacture of a glass float 
5 ribbon . 

A tin oxide SIDE layer may be deposited on substrate 
by spray pyrolysis by forming an aqueous suspension of 
dibutyltin difluoride (C4H9)2SnF2 and water and applying the 
aqueous suspension to the substrate via spray pyrolysis. In 

10 general, the aqueous suspension typically contains between 100 
to 400 grams of dibutyltin difluoride per liter of water. 
Wetting agents may be used as suspension enhancers. During 
the preparation of the aqueous suspension, the dibutyltin 
difluoride particles may be milled to an average particle size 

15 of 1 to 10 microns. The acjueous suspension is preferably 
vigorously agitated to provide a uniform distribution of 
particles in suspension. The aqueous suspension is delivered 
by spray pyrolysis to the surface of a substrate which is at a 
temperature of at least about 4O0''C {;752°F) , preferably about 

20 BOO^C to 700°C {932°F to 1292°F) whereupon the aqueous 

suspension pyrolyzes to form a tin oxide SIDE layer. As may 
be appreciated, the thickness of SIDE layer formed by this 
process may be controlled by, among other parameters, the 
coating line speed, the dibutyltin difluoride concentration in 

25 the aqueous suspension and the rate of spraying. 

Alternatively the tin oxide SIDE layer may be formed 
by the CVD method on the substrate from a metal -containing 
precursor such as a monobutyltintrichloride vapor (hereinafter 
"MBTTCl.") in an air carrier gas mixed with water vapor. The 

30 MBTTCL vapor may be present in a concentration of at least 

about 0.5% in the air carrier gas applied over substrate while 
the substrate is at a temperature sufficient to cause the 



wo 98/41480 



PCT/US98/04785 



- 19 - 

deposition of a tin containing layer e.g. at least about 400 "C 
(952''F), preferably about BOO^C to BOO'C (932''F to 1472''F) to 
form the tin oxide SIDB layer. As may be appreciated the 
thickness of the SIDB layer formed by this process may be 
5 controlled by, among other parameters, the coating line speed, 
the concentration of MBTTCL vapor in the air carrier gas euid 
the rate of carrier gas flow. 

An SIDB layer formed by the MSVD process is 
described in U.S. Patent Application Serial No. 08/597,543 

10 filed February 1, 1996, entitled "Alkali Metal Diffusion 
Barrier Layer", hereby incorporated by reference, which 
discloses the formation of alkali metal diffusion barriers. 
The barrier layer disclosed therein is generally effective at 
thicknesses of about 20 to about 180A, with effectiveness 

15 increasing as the density of the barrier increases. 

The PASC coatings of the present invention are 
usually photocatalytically activated to self -cleaning upon 
exposure to radiation in the ultraviolet range e.g. 300-400 
nanometers (hereinafter "nm") of the ^electromagnetic spectrum. 

20 Sources of ultraviolet radiation include natural sources e.g. 
solar radiation euid artificial sources such as a black light 
or an ultraviolet light source such as the UVA-340 light 
source. When using artificial ultraviolet light sources under 
testing conditions where it is desired to determine how the 

25 PASC coating will react the natural ultraviolet radiation, as 
may be appreciated, the UVA-340 light source has a photon 
energy distribution which more closely matches that of 
sunlight than does the photon energy distribution of a black 
light source, allowing the UVA-340 light source to be used to 

3 0 more closely approximate how the PASC coating performs when 
exposed to sunlight. 
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The ultraviolet radiation intensity is calibrated to 
an intensity of at least about 20 watts per square meter 
(hereinafter "W/m^") at the coated surface of the coating being 
tested. The intensity may be calibrated, for example, with an 
5 ultraviolet meter such as that sold under the trademark BLACK- 
RAY® by Ultraviolet Products, Inc., of San Gabriel, CA, under 
the model designation J-221. The light source is preferably 
positioned normal to the coating surface being tested. 

The ultraviolet radiation source and the PASC 
10 coating may be positioned relative to each other such that the 
ultraviolet radiation passes first through the PASC coating 
then through the substrate (i.e. the front or "coating side") . 
Where the svibstrate passes ultraviolet radiation therethrough, 
the PASC coating and the ultraviolet radiation source may be 
15 positioned relative to each other such that the ultraviolet 

radiation passes first through the substrate and then through 
the PASC coating (i.e. the back or "substrate side") . In 
still smother embodiment, one or more ultraviolet radiation 
source may be positioned on each sidQ of the svibstrate having 
20 a PASC coating on one or both of the surfaces. 

As may be appreciated, it is difficult to define 
with specificity a preferred ultraviolet radiation source or 
ultraviolet radiation intensity or ultraviolet radiation 
source/PASC coating/substrate relative positioning because 
25 many factors affect such considerations. These factors 

include, among others: the purpose for which the PASC coating 
is employed e.g. indoor or outdoor use; the selected 
ultraviolet radiation source e.g. natural or artificial; 
seasonal or geographic effects where the ultraviolet radiation 
30 source is natural; the desired or expected duration of 

ultraviolet radiation exposure; the incident angle of the 
ultraviolet radiation with the surface of the PASC coating; 
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the rate of PASC activity expected or desired; the degree to 
which the ultraviolet radiation may be reflected or absorbed 
by the substrate and/or any other coatings or layers present 
over the substrate or over PASC coating; the contaminants 

5 sought to be removed; the thickness of the PASC coating; the 
composition of the PASC coating; the potential for sodium ion 
poisoning; and the presence or absence of an SIDE layer. 
However, it has been found that an ultraviolet radiation 
intensity within the range of about 5 to 100 W/m^, preferably 

10 at least about 20 W/m^, as measured at the surface of PASC 

coating from cm ultraviolet radiation source positioned over 
the surface of the PASC coating will produce sufficient 
intensity to cause satisfactory PASC activity for many self- 
cleaning applications. 

15 It is useful to be able to measure and compare the 

PASC effectiveness or activity of PASC coatings in order to 
evaluate the PASC activity of a PASC coating. A known, 
readily available organic contaminant may be applied over the 
PASC coating, and upon photocatalytioally activating the PASC 

20 coating, the ability of the PASC coating to remove the organic 
contaminant may be observed auid measured. Stearic acid, 
CHj (CHj) leCOOH, is a model organic "contaminant" to test the 
PASC activity of PASC coatings, because stearic acid is a 
carboxylic acid with a long hydrocarbon chain emd is therefore 

25 a good "model molecule" for those present in common 

contaminants such as household oils and dirt. The stearic 
acid may be applied over the PASC coating as a thin test film 
by any convenient technique including dipping, spraying, spin 
coating. Generally stearic acid test films ranging from about 

30 lOOA to cQsout 200A .thick provide an adequate test film. The 
stearic acid may be applied as a stearic acid in methanol 
solution and a solution having a concentration of about 6 x 



wo 98/41480 



PCT/US98/04785 



- 22 - 

10"^ moles of stearic acid per liter of solution has been foiind 
to be satisfactory. 

The PASC activity of PASC coatings may be estimated 
qualitatively by overcoating PASC coating with a stearic acid 
5 film (the film generally appears as a light brown coating when 
applied over the PASC coating) exposing the stearic acid film 
to ultraviolet radiation at a desired intensity for a desired 
interval, and examining the stearic acid film with the xmaided 
eye for either the complete disappearance of the stearic acid 
10 test film or for a decrease in the darkness of the stearic 

acid film in comparison to a portion of the stearic acid film 
applied over the PASC coating but not exposed to ultraviolet 
radiation. 

The PASC activity of PASC coatings may also be 

15 measured quantitatively by measuring the integrated intensity 
of the carbon -hydrogen (hereinafter "C-H" ) stretching 
vibrational absorption bands of the stearic acid present on 
the PASC coating. The integrated intensity is commensurate 
with the thickness of stearic acid fiim remaining on the 

20 surface of the PASC coating, and removal of the stearic acid 
film by photocatalytically-activated self -cleaning is expected 
to result in a drop in the C-H stretching vibrational band 
intensity. The C-H bonds present in the stearic acid eibsorb 
infrared radiation which unlike ultraviolet radiation, does 

25 not photocatalytically activate the PASC coating. This 

absorption generally occurs between 2800 and 3000 cm'*^ wave 
numbers, and may be measured with a Fourier Transform Infrared 
Spectrophotometer (hereinafter "FTIR Spectrophotometer") . The 
FTIR may be equipped with a detector such as a deuterated 

30 triglycine sulface detector (hereinafter "DTGS detector") or a 
mercury- cadmium- telluride detector (hereinafter "MCT 
detector") . The MCT detector is preferred as it provides a 
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much higher signal-to-noise ratio than the DTGS detector. 
This can be important where the substrate and/or other 
coatings in addition to the PASC coating to eJssorb the 
infrared radiation which is used by the spectrophotometer to 
5 generate the absorption spectrum. When the infrared radiation 
is absorbed by the substrate euid/or other coatings, the 
intensity of the infrared radiation beam that passes through 
the stearic acid film, PASC coated, and substrate to the 
detector is significantly reduced. Combining this with the 

10 low concentration of stearic acid present on the surface of 
the PASC coating (which produces a very weak infrared 
radiation absorption feature) and the resultant infrared 
radiation signal is not particularly intense. Therefore, an 
instrument ecpiipped with the MCT detector provides a spectrum 

15 in which the signal-to-noise ratio is about an order of 
magnitude higher than those equipped with DTGS detectors. 
When measuring the PASC activity of a stearic acid test film 
deposited over films and substrates through which the infrared 
radiation beam may pass, the infrared, radiation beam may be 

20 directed through the films and substrate onto the detector 
positioned on the opposite side of the sample being tested. 
Where the films or s\ibstrates will not permit the passage of 
infrared radiation therethrough, the infrared radiation beam 
may be directed at an angle over the surface, passing through 

25 the stearic acid test film emd reflecting off of the substrate 
as opposed to passing therethrough onto the detector. This 
latter method is known as reflection IR spectroscopy. 

A PASC reaction rate may be determined for a PASC 
coating by measuring the rate at which the PASC coating reacts 

3 0 to remove the stearic acid film thereon when the PASC coating 
is exposed to actinic radiation. More particularly, the rate 
of decrease in the integrated intensity of the C-H stretching 
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vibrational feature (directly proportional to surface 
coverage) with accumulated time of exposure to actinic 
(hereafter assumed to be ultraviolet) radiation provides the 
PASC reaction rate. For example, an initial PASC activity is 
5 measured with the FTIR spectrophotometer for a stearic acid 
test film present on a PASC coating. The PASC coating may or 
may not have been exposed to ultraviolet radiation for this 
initial PASC activity measurement. The stearic acid coated 
PASC coating is then exposed to ultraviolet radiation for a 
10 measured interval of time, at the end of which a second PASC 
activity measurement is made with the FTiR spectrophotometer. 
The integrated intensities of the C-H stretching vibrations in 
the second measurement is expected to be lower than in the 
first, due to the fact that a portion of the stearic acid test 
15 film was removed with the exposure to ultraviolet radiation. 
From these two measurements, a curve may be plotted of 
integrated intensity of C-H stretching vibrations versus time, 
the slope of which provides the PASC reaction rate. While two 
points will suffice to provide a curve, it is preferred that 
20 several measurements are taken during the course of a PASC 

activity measurement to provide a more accurate curve. While 
the duration of exposure to ultraviolet radiation between FTIR 
measurements may be kept constant or may be varied when 
accumulating more than two PASC activity measurements (as it 
25 is the cumulated time of exposure to ultraviolet radiation 

that is used to plot the curve) , the intensity and orientation 
(coating side or substrate side) of the ultraviolet radiation 
should be kept constant for all PASC measurements taken when 
determining the PASC reaction rate. 
30 The PASC reaction rate may be reported in the units 

of cm'^ min"^, where the higher the value indicates a greater 
PASC activity. There is no absolute rate which renders a PASC 
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coating "acceptable" or "unacceptable" because whether the 
PASC coating has an acceptable level of PASC is largely 
determined for the purpose for which the PASC coated article 
is used and the performance standards selected in connection 
5 with that purpose. For most applications, a PASC activity of 
at least about 2 x 10'^, more preferably at least about 5 x 10"^ 
cm"^ min'^ is desired. 

It is also useful to measure the thickness of the 
PASC coatings in order to meaningfully determine and compare 
the PASC activity of PASC coatings prepared in accordance with 
the present invention because PASC coating thickness may 
affect photocatalytic activity as demonstrated in the examples 
below. The thicknesses of the PASC coating 24 and/or SIDE 
layer 26, if present may be determined by either Variable 
Angle Spectroscopic Ellipsometry (hereinafter "VASE" ) or from 
profilometer measurements of a deletion edge in the measured 
film, or may be estimated from interference colors, as is 
known in the art . 

The particle size of the P^SC coating 24 and/or SIDE 
layer 26, if present may be calculated from X-ray Diffraction 
(hereinafter "XRD") data using the Scherrer relationship. 
This relationship is known in the art and a discussion of it 
may be found in Chapter 9 of x-WAV nTPPRACTTON PROCRDtreRS for 
POT.vcRY.qTAT.T.TNR ATjn AMORPHOTTS MATERIALS. Klug and Alexander, 
John Wiley & Sons, Inc. (1954) . 

The following examples of the present invention are 
presented for illustration and the invention is not limited 
thereto. 
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2100k Thick PASC Coating Formed By The CVD Proceas 

The PASC activity of a titanium dioxide PASC coating 
having a thickness of about 2100A was .investigated as follows. 
5 A PASC coating was deposited using the CVD process on 

substrate 22 which was the air side of a piece of soda-lime- 
silica float glass sold under the trademark SOLEX® glass by 
PPG Industries, Inc., of Pittsburgh, Pennsylvania. With 
reference to Fig. 3, the piece of Solex® glass measured 
10 approximately 5.5 inches wide by 12 inches long by .016 inches 
thick (14 cm wide by 30.5 cm long by 0.4 cm thick) and was 
coated with a titanium dioxide PASC coating using a CVD coater 
88 as shown in Fig. 3. The CVD coater 88 generally consists 
of three zones shown in Fig. 3 separated by vertical dashed 
15 lines 90 and 92. The three zones include a preheat zone 94, a 
coating zone 96 and an suanealing zone 98. The piece of Solex® 
glass, designated hereinafter as substrate 22, was moved 
through the three zones on an endless conveyor 102 in the 
direction of arrow 104 . ' 
20 The svibstrate 22 was moved into the preheat zone 94 

and was preheated to a temperature of about 649''C (eOjout 
1200°F) by a plurality of heaters 106 spaced above eind below 
the conveyor 102 . The substrate 22 was moved by the conveyor 
102 into the CVD coating zone 96. As may be appreciated, the 
25 CVD coating zone 96 includes at least one coating unit 97. In 
order to deposit more than one coating in succession, coating 
zone 96 may include a plurality coating units 97 . The coating 
unit 97 includes supporting sub- systems and controls such as a 
gas delivery sub-system, a liquid delivery sub-system, 
30 temperature controls, am exhaust sub- system and controls and a 
temperature and pressure monitoring sub- system, none of which 
is shown. The gas delivery sub-system controls the flow of 
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carrier gas to the surface o£ the substrate 22 . Nitrogen gas 
was used as a carrier gas. The inlet nitrogen stream was 
controlled to a temperature of 113**C (about 235**F) by heaters 
not shown. NH3 was included in the carrier gas at 20% of the 
5 total flow rate. The exhaust flow rate was 125% match of the 
inlet flow rate. The metal -containing precursor used to 
deposit the titanium dioxide PASC coating on the sxibstrate 22 
was TTIP which was present at 0.4% by volume of total flow and 
was also supplied at a temperature of about IIB^C (about 

10 235"?) . The total flow of Nj, NH3 and TTIP vapor through the 
CVD coater 88 was 75 standard liters per minute (slm) . The 
line speed of the conveyor 102 was about 50 inches (127 cm) 
per minute, and the coating unit slot width was about 3/16 
inch (0.48 cm) . The substrate 22 was maintained at a 

15 temperature of about 554°C (lOSO'F) while under the coating 

unit 97, while a coating 24 was deposited on the svibstrate 22 
to form coated sample 100. An approximately 2100A thick (as 
measured by VASE) titanium dioxide PASC coating 24 was formed 
on coated sample 100. 

20 The coated sample 100 was then advanced to the 

annealing zone 98 where it was annealed from an initial 
temperature of about 549''C (1020°F) to a final temperature of 
about 12l'*C (250°F) over a period of about 26 minutes. 

The PASC coated sample 100 was subjected to XRD 

25 analysis. The particle size of the PASC coating 24 was 

determined to be about 309A as calculated using the Scherrer 
relationship. The coated sample 100 showed strong peaks in 
the XRD pattern corresponding to anatase titanium dioxide. 

The PASC coated sample 100 was then overcoated with 

30 a stearic acid test film to measure its photocatalytic 
activity. A stearic acid/methanol solution having a 
concentration of about 6 x 10'^ moles of stearic acid per liter 
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Of solution was applied by pipetting the stearic acid solution 
at a rate of about 2 ml/10 seconds over the center of the 
sample 100, while the coated sample 100 was spinning at a rate 
of about 1000 revolutions per minutes, whereupon the stearic 
5 acid flowed across the surface of the coated sample 100, by 
centrifugal force to provide a stearic acid film of generally 
uniform thickness on the surface of the coated sample 100, 
ranging from about 100 to 200A in thickness. The term 
"generally" is used in the foregoing because the thickness of 

10 the stearic acid layer was not constant along the length of 
the coated sample 100, but was thickest at the ends of the 
coated sample 100 and thinnest at the center of the coated 
sample 100 due to the applied centrifugal force. As may be 
appreciated, the described stearic acid solution 

15 concentrations, spin rate, sample size and pipetting rate may 
be modified to obtain stearic acid coatings of desired 
thicknesses. Under the above-described parameters, the 
average thickness of the stearic acid test film was about 
150A, as determined by calibration ofr IR intensity with quartz 

20 crystal microbalcmce . 

The stearic acid test film/titanium dioxide PASC 
coated sample 100 was exposed to ultraviolet radiation from a 
black light source normal to coating side of the coated sample 
100, providing an intensity of about 20 W/m^ at the surface of 

25 the PASC coating 24 for about a cumulated 30 minutes to induce 
photocatalytically-activated self -cleaning of the stearic acid 
test film. Periodic FTIR spectrophotometer measurements were 
made over the cumulated 30 minute ultraviolet light exposure 
period using an FTIR spectrophotometer equipped with an MCT 

30 detector to quantitatively measure photocatalytic activity. 
More particularly, the stearic acid test film/PASC coated 
sample 100 was exposed to ultraviolet radiation for a measured 
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period of time, aftex* which the coated sample 100 was placed 
in the FTIR spectrophotometer where the integrated area under 
the C-H absorption band of stearic acid was measured to 
determine PASC activity. The coated sample 100 was again 
5 exposed to ultraviolet radiation for an additional measured 
period of time to remove additional stearic acid, after which 
another FTIR measurement was made. This process was repeated, 
and a plot of the integrated IR absorption intensity of the 
C-H stretching vibrations versus cumulated time of exposure to 

10 ultraviolet light was obtained, the slope of which provided 
the PASC rate for the stearic acid test film/titanium dioxide 
PASC coated sample 100. As may be appreciated, all FTIR 
measurements were taken over about the same area of coated 
sample 100 in order to minimized the affect of variations in 

15 the thickness of the stearic acid test film as described 

above. The photocatalytic reaction rate was determined to be 
3.53 X 10'^ cm' ^min"^ which is approaching the values for PASC 
coated substrates which contain little or no sodium ions (e.g. 
quartz glass substrates) indicating tiiat the 2100A thickness 

20 of the titanium dioxide PASC coating was sufficient to 
overcome sodium ion poisoning. 

EXAMPLE 2 

700-800A Thick PASC Coating Formed By The CVD Process 

25 A titanium dioxide PASC coating 24 having a 

thickness of about 700-800A was deposited on a glass substrate 
via the CVD process in the same manner as in Example 1, with 
the following exceptions. 

The glass composition used in Example 2 was 3 mm 

30 (.12 inch) thick clear (i.e. low iron soda lime silica) glass. 
The preheat temperature of Example 2 was 593°C (llOO^F) . The 
TTIP concentration in Example 2 was 0.1% with a total flow 
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rate of 50 slm. NH3 was included in the carrier gas at 24% of 
the total flow rate. The line speed was 30 inches per minute 
(76.2 cm per minute). The slot width was 1/16 inch. The 
thickness of the titanium dioxide PASC coating 24 was 
5 estimated from interference colors, a technique known in the 
art of thin film thickness measurement, and determined to be 
within the range of about 700 to 800 Angstroms.' 

A stearic acid test film was applied over the 
titanium dioxide PASC coating in the same manner as set "forth 

10 in Example 1, and after exposure to UV light in the manner 
described in Example 1 with periodic FTIR spectrophotometer 
measurements of PASC activity over a 33 -hour cumulative 
period. The photocatalytic reaction rate was determined to be 
about 0.17 X 10'^ cm'^min"^. 

15 The decreased PASC activity of Example 2 is believed 

to arise from the difference in titanium dioxide coating 
thickness between Examples 1 cmd 2, (about 2100A versus about 
700-800A, respectively) . More particularly, it is believed 
that the PASC reaction rate of Example 2 was lower than that 

20 of Example 1 due to the increased depth of sodium ion 

diffusion into the titanium dioxide coating of Example 2 as a 
larger percentage of the total thickness of the titanium 
dioxide PASC coating for the titanium dioxide PASC coating of 
Example 2 than that of Example 1. It is believed that sodium 

25 ions migrated from the glass sample into the PASC coating of 
Example 2 in annealing lehr 44. One conclusion that may be 
drawn from a comparison of Examples 1 and 2 is that in the 
absence of an SIDE layer, thicker PASC coatings are less 
susceptible to sodium ion poisoning, thus maintaining higher 

30 PASC activity. 
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EXAMPLE 3 

PA8C Coating Over An 8XDB Layer Formed By The CVD Proceae 

In this example the affect of the presence of a tin 
dioxide SIDE layer on PASC activity was investigated. More 
5 particularly a tin dioxide SIDE layer was formed over the air 
side of four pieces of float glass and certain physical 
characteristics of the SIDE layer were investigated. 
Thereafter, sixteen additional pieces of float glass were 
provided with a tin dioxide SIDE layer by the CVD process, 

10 each of which tin dioxide SIDE layer was in turn overcoated 

with a titemium dioxide PASC coating by the CVD process. One 
sample was cut from each of the sixteen PASC coated/SIDB layer 
coated/float glass pieces, and these sixteen samples were 
overcoated with a stearic acid test film. The sixteen stearic 

15 acid test film coated/titanium dioxide PASC coated/tin dioxide 
SIDE layer coated/ samples were exposed to ultraviolet 
radiation and the PASC reaction rates for the samples were 
determined . 

20 INVESTTGATIOM OP STDB T.AYBR 

An SIDE layer was deposited via the CVD process 
using the CVD apparatus described in Example l on the air side 
of four pieces of glass cut from a soda-lime-silica float 
glass ribbon which measured eJsout 5 inches by 12 inches by 

25 0.16 inch thick (12.7 cm by 30.48 cm by 0.4 cm) . More 

particularly, the SIDE layer was a tin dioxide SIDE layer and 
the affect of the metal -containing precursor concentration, 
water vapor concentration, CVD line speed, preheat 
temperatures smd SIDE layer thickness on the tin dioxide SIDE 

30 layer were investigated. The metal -containing precursor used 
to form the tin oxide SIDE layer by the CVD process on all 
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four glass pieces was a MBTTCL vapor, which was mixed with 
water vapor in an air carrier gas. 

A first of the four glass pieces was coated by the 
CVD process and apparatus of Example 1 with a tin oxide SIDE 
5 layer by directing an MBTTCL vapor at about a 1.5% 

concentration and. a water vapor concentration of about 1.5% in 
an air carrier gas toward the air side of the glass piece. 
The preheat temperature was about 648'*C (1200''F) and the line 
speed was about 50 inches (127 cm) per minute for this glass 

10 piece. The tin oxide SIDE layer formed thereby was about 
3500A thick as determined by VASE. The resistivity and 
particle size of the SIDB layer were measured and found to be 
about 4.6 X 10"^ ohm-cm and 198A respectively. 

A second glass piece was similarly coated with a tin 

15 oxide SIDB layer, however the line speed was decreased to 
about 20 inches (50.8 cm) per minute and the MBTTCL vapor 
concentration was decreased to about 0.5% and the water vapor 
concentration was decreased to about 0.5% in the air carrier 
gas. The preheat temperature was madoitained at about 648'*C 

20 (1200°?) . The tin oxide SIDB layer formed thereby was about 
4340A thick as determined by VASE. The resistivity was found 
to be about 3.9 X 10"^ ohm-cm and particle size was eUoout 185A. 

A third of the glass pieces was similarly coated 
with a tin oxide SIDB layer, however, preheat temperature was 

25 decreased to about 480''C (900°F) , while the line speed was 

increased to eJsout 50 inches (127 cm) per minute. The MBTTCL 
concentration was about 1.5%, water vapor concentration eJaout 
1.5% in an air carrier gas. The resulting tin oxide SIDB 
layer had a coating thickness of about lOOoA as determined by 

30 VASE and had a resistivity of about 3.8 X 10"' ohm-cm and a 
particle size of about 59A. 
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A fourth glass piece was similarly coated with a tin 
oxide SIDE layer, however while the preheat temperature was 
maintained at eOsout 480°C OOO^F) , the line speed was decreased 
20 inches (50.8 cm) per minute. MBTTCL concentration was 
5 about 0.5%, and water concentration was about 0.5% in an air 
carrier gas. The tin oxide SIDE layer was about lOloA thick 
as determined by VASE, and had a resistivity of about 2 X 10'^ 
ohm-cm and a particle size of about 78A. 

From the foregoing it was concluded that within the 
10 temperature ranges, concentrations, line speeds and SIDE layer 
thicknesses set forth, while resistivity or particle size may 
vary, all four glass pieces were found to have had a 
cassiterite structure. 



15 3^ PQRMATIQM OP TITAl TinM DIOXIDE PASC CQATINS POBMED OVER 

TIN OXIDE aiD B LAYER BY THE CVD PROCESS 

Sixteen additional float glass pieces measuring 5 
inches by 12 inches by 0.16 inch thick (12.7 cm by 3 0.48 cm by 
0 . 4 cm) were each coated with the CVD> coater and process as 

20 generally described in Example 3A with a tin oxide SIDE layer 
and were then further coated with a titanium dioxide PASC ^ 
coating using the CVD coating apparatus and process as 
generally described in Example 1. For this coating operation, 
the on-line CVD process used a pair of consecutive coating 

25 units (one for the SIDE layer and one for the PASC coating) . 
The PASC coating over the SIDE layer makes separate euialysis 
of the SIDE layer difficult if not impossible, therefore, it 
was assumed that the PASC overcoated tin oxide layers had the 
same properties as the non overcoated tin oxide layers 

30 described in Section 3A above, although both the SIDE layers 
cind the PASC coatings were applied to the sixteen glass pieces 
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vinder a variety of specific coating parameters as described in 
detail below and as set forth in TeJale 1 below. 

Generally, the sixteen tin oxide SIDE layers were 
deposited from a metal -containing precursor of a MBTTCL vapor 
5 in an air carrier gas mixed with water vapor, also carried in 
air. The MBTTCL vapor temperature was maintained at eOsout 
160°C (320''F) . The total flow rate was 60 slm, and the exhaust 
matching ratio was 115%. The slot width was 0.16 cm (X/l6 
inch) . The specific coating parameters which were varied for 

10 the SIDE layers formed in this example included preheat zone 
94 temperature, line speed, MBTTCL concentration, water vapor 
concentration and SIDE layer thickness. Shown in Table 1 
below are the tin dioxide SIDB layer coating parameters and 
expected SIDB layer thicknesses for each of the sixteen glass 

15 pieces. Actual thickness measurements were not taken; 

expected thicknesses are based on the results obtained in 
section 3A above. The sixteen pieces are separated in Table 1 
into four groups of four substrates each, based upon preheat 
temperature and line speed. 
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TABLE 1 






SnQ,_SQBIJ3M ION DIFFUSION BARRIER LAYER CVD COATING 


PARAMETERS 


Group 
No. 


Sample 
NO. 


Preheat 
"F 


Line 
in/min 


HjO Cone 
% 


MBTTCL 
% 


Expected 
SIDB Layer 
Thickness 
A 


I 


1 


900 


20 


0 . 5 


0.5 


1010 




2 


900 


20 


0 . 5 


0 . 5 


1010 




3 


900 


20 


0.5 


0 . 5 






4 


900 


20 


0.5 


0 . 5 


1010 


II 


5 


900 


50 


1 . 5 


1 . 5 


1000 




6 


900 


50 


1 . 5 


1 . 5 


1000 




7 


900 


50 


1 . 5 


1.5 


1000 




8 


900 


50 


1 . 5 


1 . 5 


1000 


III 


9 


1200 


20 


0.5 


0.5 


4340 




10 


1200 


20 


0 . 5 


0.5 


4340 




11 


1200 


20 


0 . 5 


0.5 


4340 




12 


1200 


20 


0 . 5 


0.5 


4340 


IV 


13 


1200 


50 


1 . 5 


1.5 


3500 




14 


1200 


50 


1.5 


1.5 


3500 




15 


1200 


50 


1.5 


1.5 


3500 




16 


1200 


50 


1.5 


1.5 


3500 



Each of the SIDB coated sixteen glass pieces was in 
turn overcoated with a titanium dioxide PASO coating deposited 
5 from the second CVD coating \init located downstream of the 
first SIDB coating unit through which a metal -containing 
precursor of TTIP vapor carrier in a nitrogen (Nj) carrier gas 
was directed over the SIDB layer coated surface of the glass 
pieces. Ammonia (NHj) was added to the TTIP/carrier gas 
10 mixture of eight of the sixteen glass pieces. The carrier gas 
for all sixteen pieces was maintained at a temperature of 
about 113*'C (235°F) . The sixteen pieces were annealed as in 
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Example 1. The TTIP vaporizer temperature was maintained at 
about 104.4''C (aao'F) . Shown in Table 2 below are the titanium 
dioxide PASC coating parameters for the sixteen glass pieces. 
The sixteen glass pieces are separated in Table 2 into four 
groups of four pieces each based upon preheat temperature and 
line speed. 



m 


1/16 
3/16 
1/16 
3/16 


1/15 
3/16 
1/16 
3/16 


1/16 
3/16 
1/16 
3/16 


1/16 
3/16 
1/16 
3/16 


s 










1 S 










L 


















III- 
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Total Flow 
Rate 
L/min 


li5 M 


JIJ Ji} 


{C {C JJJ 


in in in in 
ro' r~ n r- 
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Speed 
in/min 


s s s s 


S S S S 


S S ^ S 


s s s s 




iiii 


iiii 


Iiii 


iiii 


h 








s s :5 








Group 
No. 




1:^ 
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Shovm in Table 3 below are selected properties of each 
of the sixteen glass pieces after the PASC coating as described in 
Table 2 was applied. PASC coating thicknesses were not measured, 
but is expected to vary within each group due to variations in 
5 other deposition parameters such as line speed and precursor 

concentration. However, surface roughness auid particle size of the 
PASC coating were determined in order to relate PASC activity to 
roughness and particle size. Surface roughness measurements were 
estimated based upon Atomic Force Microscope (hereinafter "AFM") 
10 measurements made of the PASC coating. It was found that there was 
a large variation in surface roughness and particle size and 
crystalline phase as a function of preheat temperature. 
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ISL. DESCRIPTION OF TESTING OP PASC ACTIVITY OF THE SIXTEEN 

3UB3TRATBS 

A 1 inch by 4 inch (2.54 cm x 10.16 cm) sample or test 
strip was cut out of the center of each of the sixteen PASC 
5 coated/SIDB coated glass pieces. Bach of the sixteen test 

strips was overcoated by spin coating with a stearic acid test 
film as described in Example 1. The sixteen test strips were 
then subjected to ultraviolet radiation from a black light 
source at an intensity of 20 W/m^ over a 7 -hour cumulative time 

10 period to induce photocatalytically-activated self -cleaning of 
the stearic acid test film. 

Because the thickness of the stearic acid test film 
was found to vary along the length of the 1 inch by 4 inch (2.54 
cm X 10.16 cm) test strips (i.e. a thicker stearic acid test 

15 film at each end of the test strips with a thinner stearic acid 
test film toward the center of each test strip, due to the 
centrifugal force affecting the stearic acid as it was dropped 
onto the center of spinning test strips as described above atid 
as observed visually by changes in interference colors along the 

20 length of the test strips) , photocatalytic activity was measured 
at each end of each of the sixteen test strips using the FTIR 
Spectrophotometer equipped with the MCT detector. The PASC 
reaction rates obtained from FTIR spectroscopy tests for each 
pair of tests conducted on each of the sixteen test strips are 

25 shown in Table 4 . 
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TABLE 4 

PHOTQCATALYTICAIit.Y -ACTIVATED SBI.F- CLEANING ArTTVTTV 
OF SIXTEEN TEST HTRTPS 




Sample 
No. 


PASC Activity Rate 
Left Side of Tent Strip 


PASC Activity 
Slqlit Side ofi Test iStxrip 


No. 


X 10"' cm'^min"* 


X 10'' cm"*iiiin'* 


I 


1 


0.39 


0.45 


2 


0.32 


0.28 


3 


0.26 


0.31 


4 


0.4 


0.39 


11 


5 


0.5 


0.57 


6 


0.23 


0.14 




0 . 27 


0.22 


8 


0.014 


0.019 


III 


9 


0.23 


0.048 


10 


0.96 


0.77 


11 


0.4 


0.31 


12 


0.52 


0.43 


IV 


13 


1.18 


0.94 


14 


0.73 


0.77 


15 


0.42 


0.41 


16 


0.25 


0.35 



It is evident from Table 4 that for certain test 
strips there is a very significant difference in the activities 
5 between the two ends of the test strip. This difference is 

believed to be related to non-uniformity of the thickness of the 
stearic acid layer on the test strip. 

Referring to Table 4, there appear^ to be a lack of 
correlation between deposition conditions and PASC activity of 
10 the PASC coating over the SIDB layer. The three most active 

test strips as shown on Table 4 are Samples 13, 10 and 14 based 
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on the activities of the left sides of the test strips. These 
strips 13, 10 and 14 correspond to the higher preheat 
temperature of 1200°F (648. S^C). If ranked by PASC activity, 
the remaining 13 test strips show a mix of preheat temperatures, 
as well as other coating parameters in the ranking indicating 
that the presence of a sodium ion diffusion barrier layer may 
operate to prevent sodium ion poisoning of the PASC coating 
layer, and may permit greater latitude in coating conditions emd 
parameters while still obtaining photocatalytic activity. 

EXAMPLE 4 

PASC Coating Formed By Spray Pyrolyaie 
In this example, glass pieces were coated by spray 
pyrolysis with titanium dioxide PASC coatings of differing 
thickness to investigate the affect of PASC coating thickness on 
PASC activity. 

Three float glass pieces each 4 inch x 4 inch x 0.16 
inch thick (10.16 cm x 10.16 cm x 4 mm) had the air side coated 
by spray pyrolysis with a titanium dioxide PASC coating. 

The basic components of the pyrolytic spray equipment 
used to apply the PASC coating over the glass pieces are shown 
in Fig. 4. The spray pyrolysis equipment included a preheat 
zone 120 and a pyrolytic spray zone 122. A glass piece 126 was 
conveyed on a conveyor not shown into the preheat zone 120 where 
it was heated by a plurality of electric heaters 130 to a 
temperature in the range of about 600° to 700°C (1112°F to 
1292''F) . The glass piece 126 was then conveyed past an 
oscillating spray nozzle 132, which was positioned about 10 
inches (25.4 cm) above the air side of the glass piece 125. An 
aqueous suspension of organometallic coating reactants 134 was 
maintained in suspension by agitator 136 in mixing chamber 138. 
The aqueous suspension 134 was moved through tubing 140 to spray 
nozzle 132 where it was mixed with compressed air in any 
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convenient manner (from a compressed air source 142 which was 
moved to spray nozzle 132 by tubing 144) . A spray pattern 146 
was formed as the acjueous suspension 134/compressed air mixture 
was sprayed from nozzle 132 onto the surface of the glass piece 
126 and was pyrolyzed to form PASC coating 24 on the glass piece 
126. The PASC coated glass piece 126 was allowed to cool in 
air. 

For this example, the organometallic coating reactant 
selected was titanyl acetylacetonate and the rate of aqueous 
suspension delivered to the surface of the three glass pieces 
126 was controlled so as to provide a PASC coating thickness on 
each glass piece. The thicknesses were 400A, 725A and lOOOA. 
All other coating parameters were held constant to determine the 
effect of PASC coating thickness on photocatalytic activity for 
a titanium dioxide PASC coating deposited by. spray pyrolysis on 
clear float glass without an SIDE barrier layer. 

Table 5 sets forth the specific coating parameters 
for this example. 
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After deposition of the titanium dioxide PASC 
coating, each of the three glass pieces was cut into four 1 inch 
X 4 inch (2.54 cm x 10.16 cm) test strips providing a total of 
12 test strips. 

5 One test strip from each of the three original glass 

pieces respectively was subjected to x-ray diffraction analysis. 
Prom this euialysis all of the three glass pieces in this example 
were found by x-ray diffraction analysis to have strong x-ray 
diffraction lines matching anatase titanium dioxide. 

10 To evaluate photocatalytic activity for the three 

glass pieces, one test strip from each of the three glass pieces 
respectively was overcoated with a stearic acid test film by the 
process described in Example 1. The three test strips were then 
exposed to ultraviolet radiation from a black light source 

15 positioned normal to the coated side of each test strip at an 
intensity of 20 W/m^ over a seven hour cumulative time period. 
The photocatalytic reaction rate of each of the three test 
strips was determined quantitatively by FTIR spectroscopy us'ing 
an MCT detector, as described above. The photocatalytic 

20 reaction rate for the three glass pieces is shown in Table 5 . 

From the foregoing it may be concluded that low but 
acceptable photocatalytic reaction rates may be obtained with 
PASC coatings formed by the spray pyrolysis technique, without 
sodium ion poisoning of the PASC coating. It may also be 

25 concluded that thicker PASC coatings give rise to higher PASC 
activity, as demonstrated by Sample C in Table 5 . 



wo 98/41480 



PCTAJS98/04785 



- 46 - 
EXAMPLE 5 

Con^arison Of PASC Coatings Formed By Spray Pyrolyais With And 
Without SIDE Z.ayer and Investigation of the Affect of Post-PASC 
Coating Annealing 

5 

In this experimental matrix eight glass pieces were 
provided with a PASC coating by the spray pyrolysis method to 
evaluate the effect of the presence and absence of an SIDB 
layer, the effect of PASC coating thickness and the effect of 

10 substrate temperature during deposition of the PASC coating on 
the PASC reaction rate of PASC coatings. 

More particularly, the air side of four of the eight 
glass pieces of 4 mm Solex® float glass were each coated with a 
500A thick tin dioxide SIDB layer which had been deposited by 

15 spray pyrolysis from an acjueous suspension of 

dibutyltindif luoride, (C^HajaSnFj and a wetting agent. The tin 
dioxide SIDB layer was applied with the spray pyrolysis 
equipment and procedure described in Example 4. After coating 
with the SIDB layer, the glass samples yrere cooled to room 

20 temperature, these four glass pieces and the remaining four 
glass pieces were each coated with a titanium dioxide PASC 
coating over the SIDB layer, and were cooled to room 
temperature. It should be noted that the four SIDB layer coated 
glass pieces which were cooled to room temperature between the 

25 application of the SIDB layer and the PASC coating and then 
reheated prior to the application of the PASC coating, were 
prepared in this fashion because the laboratory pyrolytic spray 
equipment used in the experiment had only one spray pyrolysis 
station, thereby requiring changeover from a dibutyltin 

30 dif luoride suspension (to provide the SIDB layer) to a titanyl 
acetylacetonate suspension (to provide the PASC coating) . Such 
an intermediate cooling step would be eliminated in a preferred 
coater, e.g. two spray pyrolysis stations would be provided, to 



wo 98/41480 



PCTAJS98/04785 



sequentially coat an SZDB layer and a PASC coating to a moving 
substrate, such as a continuous float ribbon of glass, without 
any such intermediate cooling step. 

After all eight PASC coated glass pieces were cooled 
5 to room temperature, the glass pieces were overcoated with a 

stearic acid film described in Example 1 and the films were then 
exposed to ultraviolet radiation with a UVA 340 light source 
placed normal to the coating side of the stearic acid test 
film/PASC coated glass pieces to provide 20 W/m^ intensity at 

10 the PASC coating surface. The PASC reaction rate for the 
removal of the stearic acid test film was determined 
quantitatively using the process as described in Example 1. 
This PASC reaction rate is recorded in Table 6 below under the 
column headed 0.00 min. It is to be noted that the 0.00 minute 

15 parameter refers to the fact that the glass piece having the 
PASC coating thereon after it was allowed to cool to room 
temperature and was not annealed; it does not refer to the 
accumulated time period of ultraviolet exposure. 

The affect of annealing time on stearic acid removal 

20 was examined as follows. The residual stearic acid test film 
was washed off of the PASC coating of each of the eight glass 
pieces by wiping the surfaces with a methanol soaked wiping 
cloth until no stearic acid film or haze was observed. Each of 
the eight glass pieces was then in turn respectively placed in a 

25 furnace maintained at about 500°C (932°F) for about 3 minutes to 
heat the respective glass piece . The furnace heat was turned 
off, the furnace door was opened, and the respective glass piece 
was allowed to cool in the furnace to about room temperature. 
The slow cooling rate within the furnace provided the anneal. 

30 Each respective glass piece was then overcoated with a new 

stearic acid test film, exposed to ultraviolet radiation and the 
PASC reaction rate was determined in the same fashion as the 
non-annealed PASC coating described immediately above in this 
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example. The residual stearic acid test film was again washed 
off the surface of each respective glass piece as described 
above, and respective each glass piece was subjected to 
additional heating for a ten minute period and allowed to slowly 
5 cool in the furnace in the same fashion, resulting in a 13 

minute accumulated heating time period, whereupon a stearic acid 
test film was reapplied as described and the PASC reaction rate 
was determined as set forth above. The process was repeated yet 
another time to obtain a 73 minute accumulated heating time 
10 period followed by slow cooling in the furnace to provide the 
aiuieal . 

The SIDE layer and PASC coating properties and PASC 
reaction rates versus accumulative annealing time period for the 
eight glass pieces (D-K) are shown in the following Table 6. 



wo 98/41480 



- 49 - 



PCT/US98/04785 



TABLE 6 

PHQTQCATALYTIC ACTIVITY REACTION RATES OF PASC CQATTWRfl 
HISIL^Mro WITHOUT SODIDM-ION DIFFUSION BARRIER lAYER 




Barrier 
Layer 


TiOa 
Thickness 


Glass 
Temp. 

During 
TiOj 

Coating 


Photocatalytic Activity* 
After Annealing at 500°C for 


0.00** 


3 


13 


73 


D 


None 


400A 


1145'*F 


0 . 72 


1 . 05 


1 . 94 








625A 


1145°F 


0.S9 


1. 05 


1. 67 


2 . 97 


F 


500A 


400A 


1147°F 


2 .39 


5 . 02 


7 .39 




G 


500A 
SnOa 


625A 


1152*'F 


2.23 


5 . 35 


8 . 74 


5 . 13 


H 


None 


400A 


12 60°F 


2.05 


6 . 59 


5.14 




I 


None 


625A 


1260°F 


4 .71 


7 . 99 


9. 95 


5.39 


J 


500A 
SnOz 


400A 


ISOCF 


2.4 


5 . 26 


3.73 




K 


500A 
SnOj 


625A 


1280°F 


4.64 


12 .29 


5.57 


4.4 



*PASC reaction rate for removal o£ stearic acid (x 10'' cm'^min"') 

5 



The results of the photocatalytic euialysis shown in 
Table 6 suggest that a titanium dioxide layer thickness of ediout 
625A with no barrier layer (Sample I) can approach the PASO 
activity of a thinner 40oA PASC coating over an SIDE layer 

10 (Sample K) . It should be noted that for Samples K, the SIDE 

layer underwent an intermediate cooling and subsequent reheating 
operation described, which reheating operation may have reduced 
the SIDE layer effectiveness for Sample K, which might otherwise 
have had a higher PASC activity. 

15 Sample K of Table 6 also shows the significant impact 

annealing time can have on PASC reaction rate. After 3 minutes 
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anneal time the PASC activity of Sample K rose from about 4.64 
to about 12.29 X 10'' cm"^ min"* but subsequently dropped with 
additional annealing. It is believed that the anatase phase of 
the titanium dioxide PASC coating was forming during annealing 
5 when the 3 minute time period PASC activity was measured and was 
forming without appreciable sodium ion poisoning due to the 
presence of the tin oxide in the SIDB layer. While not wishing 
to be bound to this particular theory, it is believed that 
continuing to anneal for too long a cumulated time period may 
10 induce sodium ion poisoning, despite the presence of the SIDB 
layer which would account for the decline in PASC activity of 
Sample K. 

The above examples are offered to illustrate the 
present invention and are not intended to limit the invention. 

15 While the above described methods of providing a PASC 

coating have been described in connection with providing such 
coatings on a continuous moving substrate e.g. a continuous 
float ribbon of glass during manufacture of the substrate, it is 
to be xinderstood that these methods could also be utilized 

20 downstream of the svobstrate manufacturing process. For example, 
the PASC coatings could be provided on substrates including but 
not limited to glass substrates, as part of the processes to 
bend and/or temper the substrate. For example, where a glass 
substrate is heated for subsequent bending and/or tempering, the 

25 PASC coating with or without a SIDB layer may be applied by the 
spray pyrolysis or CVD or MSVD techniques described above prior 
to bending/tempering . The CVD and spray pyrolysis methods may 
be used as the glass substrate is heated to bending/tempering 
temperatures. The PASC coating, with or without an SIDB layer 

30 may be applied to the glass substrate in a post 

bending/tempering reheating operation by any of the CVD , spray 
pyrolysis or MSVD methods. 
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It is believed that there are differences in the PASC 
coatings prepared by the sol -gel process and those prepared by 
the above -described methods. For example, it is expected that 
the PASC coatings prepared by the sol-gel process may be more 
5 porous, less dense, generally thicker, generally less applicable 
for use in a transparency and. may tend to contain more OH groups 
than those prepared by the CVD or spray pyrolysis processes. As 
noted above, excess OH groups are undesirable because they may 
inhibit proper crystalline formation in the PASC coating which 
10 may in turn reduce PASC activity. It is expected that PASC 

coatings prepared by the CVD or spray pyrolysis methods would 
have a finer grain structure than those prepared by the sol-gel 
process. 

Advantages of the present invention over the sol -gel 

15 method of forming PASC coatings include an ability to form a 
thin dense PASC film on a substrate as opposed to the much 
thicker, porous coatings obtained with the sol-gel coating 
method. Because the PASC coatings of the present invention "are 
thin, they are aesthetically acceptable for use as a transparent 

20 coating on glass substrates. Still another advantage is that 
the method of providing a PASC coating according to the present 
invention avoids the need to reheat the substrate after 
application of the coating or coating precursor as is required 
with the presently available sol-gel method. Not only does this 

25 render the present method less costly and more efficient e.g. 

but not limited to less equipment costs, less energy costs, less 
production time but also, the opportunity for sodium ion 
migration and in turn sodium ion poisoning of the PASC coating 
of the present invention is significantly reduced. Further 

30 still, the method of the present invention is easily adapted to 
the formation of PASC coatings on continuous moving substrates, 
such as a glass float ribbon, where as the presently available 
sol -gel methods are not so easily adaptable. 



wo 98/41480 



PCT/US98/04785 



- 52 - 



Various modifications are included within the scope 
of the invention, which is defined by the following claims. 
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1. A photocatalytically-activated self -cleaning 
article of manufacture comprising: 

a substrate having at least one surface; and 
5 a photocatalytically-activated self -cleaning 

coating deposited over the surface of the substrate 
by a process selected from the group consisting of 
chemical vapor deposition, magnetron sputtered vacuum 
deposition and spray pyrolysis . 

10 

2 . The photocatalytically-activated self -cleaning 
article of claim 1 wherein the photocatalytically-activated 
self-cleaning coating comprises a metal oxide selected from the 
group consisting of titanium oxides, iron oxides, silver oxides, 
15 copper oxides, tungsten oxides, aluminum oxides, silicon oxides, 
zinc stannates, molybdenum oxides, zinc oxides, strontium 
titanate and mixtures thereof. 



3. The photocatalytically-activated self -cleaning 
20 article of claim 2 wherein the photocatalytically-activated 

self -cleaning coating comprises titanium dioxide selected from 
the group consisting of anatase titanium dioxide, rutile 
titanium dioxide, brookite titanium dioxide and mixtures 
thereof . 

25 

4. The photocatalytically-activated self -cleaning 
article of claim 1 wherein said photocatalytically-activated 
self-cleaning coating is at least 200 Angstroms thick. 

30 5. The photocatalytically-activated self -cleaning 

article of claim 1 wherein said photocatalytically-activated 
self-cleaning coating is at least aJaout 400 Angstroms thick. 
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6. The photocatalytically-activated self -cleaning 
article of claim l wherein said photocatalytically-activated 
self -cleaning coating is at least about 500 Angstroms thick. 

7. The photocatalytically-activated self -cleaning 
article of claim 1 wherein said photocatalytically-activated 
self-cleaning coating has a photocatalytic reaction rate of at 
least 2 X 10'^ cm'^min'^. 

8. The photocatalytically-activated self -cleaning 
article of claim 7 wherein said photocatalytic reaction rate is 
determined as the rate of removal of a stearic acid test film in 
the range of 100 to 200 Angstrom thick deposited over said 
photocatalytically-activated self -cleaning coating wherein said 
photocatalytic reaction rate is quantitatively determined as the 
slope of a curve formed by a plotting of a plurality of Fourier 
Transform Infrared Spectrophotometer measurements of the 
integrated intensity of carbon-hydrogen stretching vibrational 
absorption bands of the stearic acid test film versus an 
accumulated time of exposure of said photocatalytically- 
activated self -cleaning coating to ultraviolet radiation of a 
frequency within the range of about 300 to 400 nanometers 
provided by an ultraviolet radiation source positioned over said 
photocatalytically-activated self -cleaning coating and having an 
intensity of about 20 watts per square meter as measured at the 
surface of the photoCatalytically-activated self -cleaning 
coating. 

9. The photocatalytically-activated self -cleaning 
article of claim 8 wherein said ultraviolet radiation source is 
selected from the group consisting of a black light source and a 
UVA-340 light source. 
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10. The photocatalytically-activated self -cleaning 
article of claim l wherein the photocatalytically-activated 
self -cleaning coating is deposited directly over the substrate. 

11. The photocatalytically-activated self -cleaning 
article of claim 1 further comprising at least one layer 
interposed between said photocatalytically-activated self- 
cleaning coating and the svibstrate. 

12. The photocatalytically-activated self -cleaning 
article of claim l wherein said photocatalytically-activated 
self -cleaning coating comprises one layer of a multilayer stack 
of coatings deposited over the substrate and wherein the 
photocatalytically-activated self -cleaning coating is the 
uppermost layer of said multilayer stack. 

13. The photocatalytically-activated self - cleaning 
article of claim 1 wherein said photocatalytically-activated 
self -cleaning coating comprises one layer of a multilayer stack 
of coatings deposited over the substrate wherein said 
photocatalytically-activated self -cleaning coating is a layer 
other than the uppermost layer of said multilayer stack. 

14. The photocatalytically-activated self -cleaning 
article of claim 1 further comprising a sodium ion diffusion 
barrier layer disposed between the substrate and the 
photocatalytically-activated self -cleaning coating to inhibit 
migration of sodium ions from said substrate to said 
photocatalytically-activated self -cleaning coating. 



15. The photocatalytically-activated self -cleaning 
article of claim 14 wherein the sodium ion diffusion barrier 
layer is deposited over the substrate by a process selected from 



1 
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the group consisting of chemical vapor deposition, magnetron 
sputtered vacuum deposition emd spray pyrolysis. 

16. The photocatalytically-activated self -cleaning 
article of claim 14 wherein the sodium ion diffusion barrier 
layer is selected from the group consisting a crystalline metal 
oxide, an amorphous metal oxide and mixtures thereof. 

17. The photocatalytically-activated self -cleaning 
article of claim 16 wherein the sodium ion diffusion barrier 
layer is selected from the group consisting of tin oxides, 
silicon oxides, titanium oxides, zirconium oxides, fluorine- 
doped tin oxides, aluminum oxides, magnesium oxides, zinc 
oxides, cobalt oxides, chromium oxides, magnesium oxides, iron 
oxides and mixtures thereof. 

18. The photocatalytically-activated self -cleaning 
article of claim 17 wherein the sodium ion diffusion barrier 
layer is at least about 250 Angstroms thick. 

19. The photocatalytically-activated self -cleaning 
article of claim 17 wherein the sodium ion diffusion barrier 
layer is at least about 4 00 Angstroms thick. 

20. The photocatalytically-activated self -cleaning 
article of claim 17 wherein the sodium ion diffusion barrier 
layer is at least about 500 Angstroms thick. 

21. The photocatalytically-activated self -cleaning 
article of claim l wherein the substrate is selected from the 
group consisting of glass, plastic, metal, enamel and mixtures 
thereof . 
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22. The photocatalytically-activated self -cleaning 
article of claim 1 wherein said substrate is a glass substrate 
having a first major surface and an opposite major surface 
defined as a second major surface, the first major surface 
having a thin layer of a tin oxide diffused therein 
characteristic of forming a glass ribbon over a molten tin bath, 
at least one of the major surfaces having said 

photocatalytically-activated self -cleaning metal oxide coating 
deposited thereon. 

23. The photocatalytically-activated self -cleaning 
article of claim 22 wherein the photocatalytically-activated 
self -cleaning coating further comprises a metal oxide selected 
from the group consisting of titanium oxides, iron oxides, 
silver oxides, copper oxides, tungsten oxides, aluminum oxides, 
silicon oxides, zinc stannates, molybdenum oxides, zinc oxides, 
strontium titanate and mixtures thereof. 

24. The photocatalytically-activated self -cleaning 
article of claim 23 further comprising a sodium ion diffusion 
barrier layer disposed between the substrate and the 
photocatalytically-activated self -cleaning coating. 

25. The photocatalytically-activated self -cleaning 
article of claim 24 wherein the sodium ion diffusion barrier 
layer is selected from the group consisting of tin oxides, 
silicon oxides, titanium oxides, zirconium oxides, fluorine- 
doped tin oxides, aluminum oxides, magnesium oxides, zinc 
oxides, cobalt oxides, chromium oxides, magnesium oxides, iron 
oxides and mixtures thereof . 



26. The photocatalytically-activated self -cleaning 
article of claim 22 wherein the.glacs substrate is selected from 
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the group consisting of a glass sheet and a continuous float 
glass ribbon. 

27. A method for providing a titanium dioxide 
photocatalytically-activated self-cleaning coating over a 
continuous glass float ribbon during the manufacture of the 
float ribbon comprising the steps of: 

manufacturing a continuous glass float ribbon 
having a first major surface and an opposite major 
surface defined as a second major surface, the first 
major surface having a thin layer of a tin oxide 
diffused therein characteristic of forming the glass 
float ribbon on a molten tin bath; 

positioning a chemical vapor deposition coating 
apparatus over the surface of the float ribbon at a 
point in the manufacture of the float ribbon where 
the float ribbon has a temperature of at least about 
400''C (752°F) ; 

directing a metal oxide, precursor selected from 
the group consisting of titanium tetrachloride, 
titanium tetraisopropoxide and titanium tetraethoxide 
in a carrier gas stream through said chemical vapor 
deposition apparatus over the surface of the float 
ribbon and annealing the float ribbon to produce a 
titanium dioxide photocatalytically-activated self- 
cleaning coating over the glass float ribbon. 

28. A method for providing a titanium dioxide 
photocatalytically-activated self -deeming coating over a 
continuous glass float ribbon during the manufacture of the 
float ribbon comprising the steps of: 

manufacturing a continuous glass float ribbon 
having a first major surface and an opposite major 
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surface defined as a second major surface, the first 
major surface having a thin layer of metal selected 
from the group consisting of tin, tin oxides and 
mixtures thereof diffused therein characteristic of 
5 forming the glass float ribbon on a molten tin bath; 

depositing a photocatalytically-activated self- 
cleaning coating over at least one of the major 
surfaces by positioning a spray pyrolysis coating 
apparatus over the surface of the float ribbon at a 

10 point in the manufacture of the float ribbon where 

the float ribbon has a temperature of at least about 
400°C (752*»F) , directing an aqueous suspension of 
titanyl acetylacetonate and wetting agent in an 
aqueous medium through said spray pyrolysis coating 

15 apparatus over the surface of the float ribbon and 

annealing the float ribbon in air to produce a 
titanium dioxide photocatalytically-activated self- 
cleaning coating over the glass float ribbon. 

2 0 29. In a method for forming a glass float ribbon 

wherein the method includes the steps of melting glass batch 
materials in a furnace; delivering the molten glass onto a bath 
of molten tin; pulling the molten glass across the tin bath 
whereupon the glass is sized and controllably cooled to form a 

25 dimensionally stable glass float ribbon; removing the float 

ribbon from the tin bath; moving the float ribbon by conveying 
roller through a lehr to anneal the float ribbon; moving the 
float ribbon to a cutting station on conveying rollers where the 
ribbon is cut into glass sheets, the improvement comprising: 

30 depositing a photocatalytically-activated self- 

cleaning coating over a surface of said float ribbon 
as the float ribbon is formed. 
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30. The method of claim 29 wherein said 
photocacalytically-activated self -cleaning coating is deposited 
by a process selected from the group consisting of spray 
pyrolysis and chemical vapor deposition. 

5 

31. The method of claim 29, the improvement further 
comprising depositing a sodium ion diffusion barrier layer over 
a surface of said float ribbon and depositing said 
photocatalytically-activated self -cleaning coating over said 

10 sodium ion diffusion barrier layer. 

32. A method for the manufacture of a 
photocatalytically-activated self -cleaning article of 
manufacture comprising the steps of: 

15 providing an article of manufacture having at 

least one surface ; 

depositing a photocatalytically-activated self- 
cleaning coating over the surface of the article "of 
manufacture by a process selected from the group 

20 consisting of chemical vapor deposition, magnetron 

sputtered vacuum deposition and spray pyrolysis. 

33. The method of claim 32 wherein the article of 
manufacture is a glass sheet and said depositing step is 

25 performed during a process of modifying said glass sheet 

selected from the group consisting of bending and tempering of 
said glass sheet. 

34. The method of claim 32 further comprising the 
30 step of depositing a sodium ion diffusion barrier layer over 

said surface and depositing said photocatalytically-activated 
self -cleaning coating over said sodium ion diffusion barrier 
layer whereupon said sodium ion diffusion barrier layer inhibits 
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migration of sodium ions from the surface of said article to 
said photocatalytically-activated self -cleaning coating. 

35. The method of claim 34 wherein the sodium ion 

5 diffusion barrier layer is deposited by a process selected from 
the group consisting of chemical vapor deposition, spray 
pyrolysis and magnetron sputtered vapor deposition. 

36. The method of claim 35 wherein said step of 

10 depositing the sodium ion diffusion barrier layer is performed 
during a process of modifying said glass sheet selected from the 
group consisting of bending and tempering of said glass sheet. 

37. The method of claim 32 further comprising the 
15 step of annealing said photocatalytically-activated self- 
cleaning coating to increase a photocatalytic reaction rate of 
said photocatalytically-activated self -cleaning coating. 

38. The method of claim 37 wherein said annealing 
20 step includes raising said photocatalytically-activated self- 
cleaning coating to a temperature of about SOO^C for a time 
period of at least about 3 minutes and controllably cooling said 
photocatalytically-activated self -cleaning coating. 

25 39. The method of claim 38 wherein said 

photocatalytically-activated self -cleaning coating has a 
photocatalytic reaction rate of at least about 2 x 10"^ cm'^min"^. 

40. The method of claim 38 wherein said 
30 photocatalytic reaction rate is determined as the rate of 

removal of a stearic acid test film in the range of 100 to 200 
Angstrom thick deposited over said photocatalytically-activated 
celf -cleaning coating wherein said photocatalytic reaction rate 
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is quantitatively determined as the slope of a curve formed by a 
plotting of a plurality of Fourier Transform Infrared 
Spectrophotometer measurements of the integrated intensity of 
carbon- hydrogen stretching vibrational absorption bands of the 
5 stearic acid test film versus em accumulated time of exposure of 
said photocatalytically-activated self -cleaning coating to 
ultraviolet radiation of a frequency within the range of about 
300 to 400 nanometers provided by an ultraviolet radiation 
source positioned over said photocatalytically-activated self- 
10 cleaning coating and having an intensity of about 20 watts per 
square meter as measured at the surface of the 
photocatalytically-activated self -cleaning coating. 
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